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COMMUTATION AND BRUSH LOSS

BY C. E. WILSON

Even when made on slip rings, or on special short-circuited
commutators, brush loss tests are hard to duplicate and results
of tests under similar conditions vary greatly. A number of
things are known to affect the brush loss at a given current
density. Among these, the most important are: the direction
of current in the brushes, the glaze or polish of the collector, the
surface and fit of the brushes, oil or any foreign material on the
collector, the temperature of the parts and the peripheral speed
of the collector.

In direct-current machines, there are still other reasons for
variations in brush loss. It is likely to be increased by high mica,
unequal division of current among the brushes and brush arms,
vibration or chattering of the brushes, imperfect spacing of them,
and, above all, by the commutation and the strength of the mag-
netic fields in which the short-circuited coils are commutated.
In fact, tests show that one machine may have two or three
times the brush drop of another of the same type, although the
grade of brushes and the apparent current density in them are
the same. Even in the same machine, with the same current out-
put, the brush drop measured at the different brush arms and at
different times, may vary 100 per cent or more.

Table -I gives the tests on four adjustable-speed motors of the
same type, at the maximum and minimum speeds for which
they were designed. These were chosen at random from a large
number of tests made on this line of machines, all of which were
equipped with the same grade of brushes.
The voltages A, B and C were taken at different points on the

brush and commutator, as shown in Fig. 1, and were measured
577
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in the usual way with a low-reading direct-current voltmeter
and a pair of pencil points making contact at 1-1, 2-2 and 3-3, as
shown. The current densities given correspond to approximately
one-half, full load and 50 per cent overload on the motors.
The data recorded in Table I show, principally, the extreme

variations in brush drop found in commercial testing. These
variations can usually be explained by one of the causes previously
given. The overshadowing influence of the commutation and
the commutating field on the brush drop is also shown clearly.
As far as measuring the loss is concerned, the product of the aver-
age brush drop and the load current is such a rough approxima-
tion that it is often practically worthless. In some cases the loss
obtained in this way is less than the loss measured on slip rings
and short-circuited commutators. It is hard to see how this can

DIRECTION
c OF ROTAT10t b

,'B0 ~~~~~~~1.5
1~~~~~~~~~~~~

BR<HBRUSH
WIDTH

FIG. 1 FIG. 2

possibly be true, as all the things whwich affect the loss in machines
tend to increase it.

It should be remembered that the primary function of a brush
is to commutate and collect current. Brushes are selected for
their commutating qualities, primarily, and the brush loss is of
secondary importance. The commutation is first made right
and then the question of loss is considered. A machine which has
a high short-circuit or reactance voltage demands a high-resist-
ance brush, especially in the case of a machine without compen-
sating windings.

In the case of an ordinary commutating pole motor, a reason-
able value for the total inhlerent shlort-circuit voltage* across the

* Figured according to the method given in Mr. B. G. Lamme's paper,
A1 Theory of Commultation (Duld its Alpplicationl to Cornmtu/a/inl FIPole
Machines, TRANS., A. I. E. 1B., 1911, VOl. XXX, 1). 2359.
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brush at full load, is 15 volts. Assume that, in order to neutralize
this voltage, the ampere-turns on the commutating pole must be
30 per cent in excess of the armature ampere-turns, or a total of
130 per cent. With this value of ampere-turns, and with a commu-
tating field of the proper shape, the theoretical curve a in Fig.
2 will be obtained. If the ampere-turns on the commutating
pole are decreased to 126 per cent of the armature ampere-turns,
the neutralizing voltage will be decreased to 13 volts and the
motor will be two volts under-compensated, and a brush curve
such as b in Fig. 2 will be obtained. A local current will then flow
in at one brush tip and out at the other. This curve assumes con-
stant brush resistance. However, the actual curves approximate
these theoretical ones with sufficient accuracy for purposes of
illustration. If the ampere-turns on the commutating pole should
be increased to 134 per cent of the armature ampere-turns, the
motor will be two volts over-compensated, and curve c in Figure
2 will be obtained. Curves b and c show two volts drop at the
trailing and leading brush tips
respectively. On the assumption
of constant brush resistance, this
drop of two volts means double aac b
current density in the tips of the IF1 :f
brushes. Experience shows that
this drop and current density are FIG. 3
about the maximum permissible
with ordinary carbon brushes, if the machine is designed to carry
a reasonable overload with perfect commutation.
To obtain this desirable adjustment in such a machine, the

commutating pole ampere-turns must be correct to four parts in
130, or within approximately 3 per cent. If, for any reason, the
effective ampere-turns on the commutating pole vary indepen-
dently of the armature ampere-turns in excess of 3 per cent, com-
mutation trouble is likely to be experienced.
The voltage across the brush is usually measured with a direct-

current voltmeter. If an alternating-current meter which would
read correctly on high frequency were used, an entirely different
reading would be obtained in the majority of cases. This is due
to the variation in the short-circuit voltage which occurs during
the period of commutating one bar, and in some cases, during
the commutation of the bars on one slot. This variation in
short-circuit or reactance voltage cannot be correctly compen-
sated by a commutating pole which will only aive the proper
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average values. It is quite apparent that a different condition is
encountered when the brush is in position a than when in posi-
tion b in Figure 3; likewise, when the brush passes from bar a to
bar b and from bar b to bar c in Fig. 4. This is one of the reasons
why the brush drop, as measured on machines, is so variable that
tested values are practically meaningless and worthless so far as
measuring the loss is concerned.

In the case of a non-commutating pole machine, it is still
more necessary to have a high-resistance brush if the short-
circuit voltage is high. It is common practise to shift the brushes
of a non-commutating pole machine from the mechanical neutral,
in order to induce a voltage in the short-circuited coils, due to
the main field which will neutralize the short-circuit voltage.
A fair limit for the short-circuit voltage across the brush of a non-

FIG. 4

commutating pole machine at full load is six volts. Assuming
high-resistance carbon brushes with constant brush resistance
and a drop of 14 volts at a nominal current density of 35 to 40
amperes per square inch (6.45 sq. cm.), the brushes may be shifted
into an active field which will give five volts at no-load, and a
current density in the brush tips of twice the normal value. A
brush curve simnilar to a in Fig. 5 will then be obtained. At full
load, this five volts will neutralize all but onc volt of the short-
circuit voltage and curve b will be obtained. At 50 per cent
overload, curve c would be obtained with approximately three
times current density in the trailing brush tip and the condition
of poor commutation. The probable limit for commutation on
such a machine would be 25 per cent overload. The brush loss
in this machine at no-load would be considerable, and this is
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often found to be the case, as shown by tests. Often the no-load
losses are decreased much more by raising the brushes than can
be accounted for by the decrease in loss due to the absence of
brush friction. Many tests have been made to measure this no-
load brush loss, and it has been found to be comparatively large.
In the case of curve c at 50 per cent overload, Fig. 5, the loss in
the tip of the brush would be approximately nine times normal,
and would undoubtedly cause glowing and honey-combing of the
brushes.
The commutation of non-commutating pole direct-current

machines has often been improved by narrowing the brushes and
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increasing the apparent current density in them. For example,
consider the brush in Fig. 6 to be reduced from 4 in. (18.9 mm.)
to a in. (12.7 mm.). The short-circuit voltage at full load will
then be approximately four volts, and curves a, b and c, Fig. 6,
will be obtained at no-load, full load and 50 per cent overload
respectively. With this narrower brush the loss in the tips of the
brushes is the same as before, but the total loss is less, because
the section of the brush has been reduced. The loss at full load
is practically the samne as before, but the loss at 50 per cent over-
load has been reduced so that commutation might be satisfactory.
Actually the improvement is greater than indicated, due to the
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fact that the brush does not have a constant resistance, but has a
resistance which decreases with increase in current density.
The writer recently had this relation between brush drop and

the commutating characteristics of a machine forcibly illustrated
by his experience with a line of small six-volt motors. In order
to improve the efficiency, very low resistance brushes were used.
In a given case, the short-circuit voltage was 0.75 volt across the
brush at full load. The commutation was perfect with brushes
having a nominal brush drop of 0.25 to 0.3 volt at a current
density given by full load on the motor. To improve the
efficiency, other brushes were tried having a drop of 0.1 to 0.15
at this same current density. The efficiency by brake was practi-
cally thesame for both cases, showing that the low-resistance brush
had not decreased the total brush loss. Also, the commutation
with the second brush was poor and unsatisfactory. This same
brush, having a drop of 0.1 to 0.15 volt and working at approxi-
mately the same apparent current density, gave entire satisfac-
tion on another motor which had a short-circuit voltage of only
0.35 volt across the brush at full load.
On the previous assumption of constant brush resistance, and

neglecting the increase in loss due to variations in short-circuit
voltage during the period of commutation, the total loss which
occurs at the brush can be calculated from brush curves.

Let I1 = Amperes per unit area.
E1 = Brush drop at current density I.
E2 = Short-circuit voltage across the brush.
A = Area of brushes.

Then the brush loss on a short-circuited commutator would be

W= E11 A

When a local current, caused by the short-circuit voltage E2,
is present in addition to the useful current, the loss can be shown
to be

W, = El 1 A( '4E12+XE2 ) or, if

a = Ji = E-1 12 a and the increaseEllwlbe A 12 p2

in loss will be 8j a2 per cent.
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Referring to curves b and c in Fig. 2, the increase in loss due to
the local currents caused by the two volts across the brush will
be 331 per cent. Actually the increase in loss with such a brush
curve as b or c will be considerably more than 331 per cent, due
to the decreasing brush resistance with increasing current, as
previously mentioned. This decreasing brush resistance allows
a larger local current to flow, which, of course, increases the loss.

Referring to curve a in Fig. 5, the brush loss at no-load would
be 133J- per cent of the loss at normal full-load current density
and no local currents.

There appears to be no way of measurinig this increase in brush
loss, or, as it may be called, commutation loss. In the average
commutating pole machine, this increase in loss probably does
not exceed 50 per cent, but it may be very much greater in some
cases. Probably the most satisfactory method of dealing with
this total brush loss is to obtain a value for what may be called
the true brush loss from data obtained by tests on short-circuited
commutators, and to regard any increase in loss which may occur,
as commutation loss or part of the load losses.
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DISCUSSION ON GROUP II PAPERS (METHODS OF DETERMINING
LOSSES IN APPARATUS), NEW YORK, FEBRUARY 27, 1913.

(a) INDUCTION MOTORS
A. E. Averrett: Regarding the separation of copper losses,

there seems to be a tendency on the part of some users to
want bar-wound stators on account of the ease of repair. You
can make a bar-wound stator with rather deep bars, but if
you have a rotor that is bar-wound also and assume that
the losses are practically all in the rotor, these will dis-
appear at synchronous speed and you will apparently have
a more efficient machine than you really have, if all the
losses are taken into consideration. But you can actually get
the loss by taking out the rotor and measuring the impedance
of the stator alone by wattmeters, which will show up the losses
correctly if the tests are made carefully.

It seems to me that the present method of summation of
losses will apply only where the impedance-ampere curve is a
straight line proportional to voltage (which shows no saturation
in the iron) and where there are no eddy losses in the stator
copper, which can be shown up by the wattmeter measure-
ment at impedance. There is one feature about a deep rotor
bar where we neglect the losses; there is a reduction in power
factor due to skin effect in deep rotor bars which does not show
at standstill test.

B. A. Behrend: I want to make a plea for the adoption of the
term " stray losses " instead of the term " load losses " or losses
incidental to operation. We understand by " load losses,"
as the term is used, a great many losses, including certain losses
which occur at no-load, losses which occur in certain cases at
full load, and losses which occur at both no-load and full load,
and I think the adoption of the term " stray losses " would
be a little more logical. We have a certain stray loss at no-
load, we have a certain stray loss at full load, and instead of
the use of the term " load loss," which is used in some of these
papers as a loss occurring at no-load, I think we should use
the term " stray loss." I believe that Mr. Hobart, who sug-
gested my making these remarks, agrees with the substitution.

C. P. Steinmetz: We are particularly interested in the
magnitude of the additional stray losses which we have at load,
and we are only in a less measure interested in the stray losses at
no-load. These latter need rarely be segregated from the total
losses at no-load. We need a satisfactory name for those losses
which appear at load, and are not accounted for by the usual
methods of measuring individual losses. " Load loss " is rather
a poor name, because there are many other losses which are
accounted for in a separate test; but "stray loss" does not
cover it exactly either, and we should have some additional
name.
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James Burke: Following Dr. Steinmetz's remarks, woould it
be consistent to speak of " stray no-loa(l losses " and " stray
load losses?" We have both kinds of stray losses. These
papers show that in some kinds of mlotors the stray load losses
may be very considerable. In other types they may be very
small. Generally, the reduction in core losses due to the drop
in the stator windings, resulting in lower total magnetization,
compensates for the usual load stray losses, so that there is
not very much to be taken into consideration if the free core
losses are used rather than the corrected core losses after the
reduction in the magnetism in the machine. It would seem,
however, that in formulating any new rules, we must take proper
recognition of the stray load losses, because fromn these papers
it is evident that we may have very considerable stray load
losses, or they may be negligible, and that fact would seem to
make it necessary to fornmulate some plan by which they would
be properly taken into consideratioln when they exist.
H. M. Hobart: We ought to have four components in this

proposition. The four components I have in mind are: first,
output; second, no-load loss; third, the load loss (by which
we mean the legitimate load loss), increasing as the square of
the current; and fourth, what we might call " stray losses,"
that is, the losses which, at full load, we must add to these
other three losses in order to get the input at full load. This
fourth part, which we have been apt to ignore in the past, and
which we shall probably have to take into account in the future,
could be given the name " stray losses," instead of, as in some
of the papers, being termed " load losses." I should prefer to
reserve the term " load losses " for what we call the legitimate
losses coming on with the load.
Leo Schuler: Does Mr. Hobart propose to call losses due

to distortion of the field, stray losses as well? They certainly
are not stray losses.
H. M. Hobart: For practical purposes I should have input,

minus output, minus no-load losses, minus PIR losses, coming
on with the load, which I should call stray losses.
Leo Schuler: You then include losses which are not stray

losses.
Perhaps it will interest you if I say that in Germany we have

the no-load losses, which include also stray losses if there are
any, and then speak of " additional losses " simnply. Additional
loss means the loss which does not come on at full load, and
which is not accounted for by what you call the load losses.

B. G. Lamme: Stray losses?
Leo Schuler: As far as I understand, load loss is better

than stray loss.
H. M. Hobart: I do not care what it is called, if we do not

confuse it with other losses. "Extra losses " would be a good
term.

B. A. Behrend: The objection is to the use of the term " load
loss'" It is not implied that the expression " stray " is such
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a general termi, but it might be as good a one as any other. An
objection to using the term " load losses " is that in an equiva-
lent test it might mean legitimate losses or extra losses.

B. G. Lamme: The term " load loss," as Mr. Behrend says,
is a very misleading one, because practically all our secondarv
copper loss is a load loss. Practically all of our primary copper
losses are load losses, and when we speak of load losses we should
include all these, and yet what we are after is the additional
extra loss which we call the " stray loss." I do not think,
whatever other term we use, that we can dispense with the use
of that term-after we have described our " load losses, we
will still have use for that term " stray losses," or some other
similar term.

A. E. Averrett: I believe load losses are included in the
legitimate copper losses and legitimate iron losses, plus excess
losses. On induction motors, these losses occur only on the
load running light. There is no excess loss.

R. E. Hellmund: The present Institute rules are not quite
right, in so far as they give the losses in too general a way.
These papers give suggestions as to the method of determining
the losses for practically all cases, with the possible exception
of machines with entirely closed slots. As has been said, such
cases are comparatively rare. All other cases can be taken care
of, if the Committee would adopt the suggestions made in the
paper of Messrs. Reist and Averrett, and the paper of Mr.
Dudley.

It might appear at first sight that Mr. Dudley's suggestion
of finding the true I2R loss by testing the motors for different
frequencies is impracticable, but it must be considered that
almost any factory has generators available with at least two
or three frequenicies. Since the method is on the other hand the
only method proposed for finding the I2R losses in large squirrel-
cage motors, I would advocate that the Institute adopt this
method as one of its standard methods.

C. J. Fechheimer: Messrs. Reist and Averrett make the
following statement: " Tests have been made which verify
the above statements; round wires or rectangular strips of one
cm. or less for a maximnum diniension, apparently do not show
any appreciable loss." This refers to eddy current losses in
copper conductors. I would call attention to the fact that eddv
currents are a function of the frequency and increase very
rapidly with an increase in frequency. At standard frequencies
the loss is negligible with the depth of conductor given, but it
would be possible to raise the frequency high enough to cause
a very large eddy loss with the same size conductor.
We believe that the method which is mentioned briefly at

the end of this same paper, that is, of obtaining the losses at
various frequencies, would be the proper one to determine the
extent of the eddy losses. If we go down low enough with the
impressed frequency the eddy current loss becomes negligible
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and we then have a direct means of measuring these losses
with accuracy.

R. E. Hellmund: We first have to find out what the extra
losses are at standstill and then separate them. Mr. Dudley
proposes to find out what they are by measuring at different
frequencies and then separating them, either by the rule of
making them proportional to the square of the depth of the con-
ductor, or by taking the rotor out of the stator and testing the
stator separately.
There are two steps to be taken, and I think they are very

proper steps, in large machines, where it is not possible to get
the secondary losses by slip readings. In smaller machines I
think the method proposed by the first paper is very desirable,
that is, to get the secondary losses by slip readings and the
primary losses by considering the I2R losses, or, in the case of
heavy conductors, by making the additional test of the stator
without the rotor.

Comfort A. Adams: I want to say a word in favor of the
German name translated as " additional losses". The term
" stray losses " has been for many years much used to represent
the no-load losses, that is, the friction and windage losses, and
losses measured when the machine is running absolutely light.
Thus in order to avoid confusion it seems to me that " additional
losses," a perfectly distinct name, would be more appropriate.
Referring to Mr. Fechheimer's question as to iron slot bridges
and the reduction of the total flux at full load, it is obvious
that if you mean by total flux the useful working flux, plus the
leakage flux, it is practically constant at constant impressed
voltage, differing therefrom by only the IR drop, which is small.
But the part of this total flux which is increased by the bridges,
namely, the leakage flux, is in a magnetic circuit of relatively
short length, and involves a much smaller volume of iron,
although at much higher density. It is thus impossible to say,
definitely, whether the bridges would increase or decrease the
total core losses.
James Burke: I want to answer Professor Adams's point

regarding the difference in core losses. Very often on motors
below 10 h.p. there is a 5 per cent reduction of e.m.f. due to 5
per cent drop, which makes about 5 per cent difference in core
loss. On larger motors this is much less, but in motors of 10
h.p. or less a large IR drop in the stator generally exists.

Comfort A. Adams: Mr. Burke's statement is undoubtedlv
correct, but if the resistance drop is constant for any given load,
say full load, the effect of the slot bridges is not to change the
total flux, but to increase the leakage flux at the expense of the
main flux, as above described.

B. A. Behrend: It seems to me extremely dangerous to
draw an inference from the excess over an assumed rate of
increase. We are familiar with the fact that the core loss in
induction motors rises at a greater rate than the square of the
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impressed voltage, and, therefore, any inference based on the
law of increase as suggested, would be, to borrow a phrase used
by Mr. Burke, " mind reading " rather than good engineering.
A method of that sort seems most dangerous to me, and in

this connection I wish to second the remarks made by Mr.
Schftler and Professor Adams on the use of the term " indeter-
minate losses." It seems from the discussion that the use of the
term " indeterminate " would be excellent, because no one
knows how to determine them.

C. P. Steinmetz: In connection with Mr. Behrend's re-
marks, I wish to say that I have never seen any core losses go
up faster than the square of the voltage, or even as fast as the
square of the voltage, except in those cases where there was
saturation somewhere. Practically any core loss, if you run
the voltage high enough, will begin to rise abruptly at the
point where saturation is reached, and then the increase goes
up according to powers ranging from the square to the cube and
sometimes even at still greater rates. The abrupt increase of
core losses beyond the quadratic rate at high voltages is an in-
dication that saturation is the cause.

In view of the general experience with core losses in commuta-
ting machines, and in motors, especially in the commutating
induction motor, we must expect that as soon as saturation is
passed anywhere, we will have an abnormal rise of core loss,
but below saturation the core loss does not go up as the square.

B. A. Behrend: I do not question the approximate truth
of the 1.6th power law of Dr. Steinmetz's-but this is not a
practical condition obtaining in any generators or motors, and
therefore the core loss does increase more rapidly than the 1. 6th
power or even the square, at high inductions.

C. J. Fechheimer: I plotted a number of core loss curves on
generators far below the saturation point, plotted them on
logarithmic paper to determine the exponent, and I found in
a number of cases that the exponent was higher than 2. There
were a couple of cases below 2, but the general average was
around 2, below saturation, and I have never been able to account
for it.

Comfort A. Adams: The reason why the core losses behave
so erratically in the case of induction motors is that they are
not losses which occur, as in transformers, under conditions of
fairly uniform density and single frequency. There are at
least five different kinds of core losses in an induction motor,
or five ways in which they occur, so that if the calcu-
lations could be made it would require five separate cal-
culations. There are losses at fundamental frequency behind
the teeth, at fundamental frequency in the teeth, at tooth
frequency in the teeth, at tooth frequency in certain portions
of the core back of the teeth, due to the tooth and slot group-
ings on the two sides of the gap, wave losses in the faces of the
teeth, and, finally, illegitimate losses due to the breakdown
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of the insulation between laminations. It is thus not a simple
matter to compute these losses, and not strange that they do lnot
behave according to the manner of the core losses of well-
behaved transformers. The increase more rapid than the square
of the voltage is due partly to the wave losses in tooth faces
and partly to a progressive breakdown of lamination insula-
tion as the eddy e.m.fs. increase.

B. G. Lamme: In some cases the so-called iron losses in-
crease very rapidly with the load, and also very rapidly with
the induction. I have found many cases in which an abnormal
increase in apparent iron loss occurs with only slightly increased
inductions. But in many of these cases, if the copper was
removed from the slots, the loss did not go up nearly so fast;
that is, the so-called iron loss was, in reality, largely eddy current
loss. The confusion comes from the fact that where iron losses
are referred to, in nmost cases the term " core loss " should
really be used. Part of the extra losses found may be true
iron losses, but are eddy currents in the iron due to burred
edges of the laminations in the slot, due to filing, etc.; they also
may be due to contact between the plates. Such losses, if
located in the armature teeth, may go up much more rapidly
than the square of the induction, for they may be a function
of the tooth saturation. I have found cases where the loss went
up to as high as the 5th power of the induction, but this was
largely eddy current loss in the teeth and armature copper,
which is dependent upon the degree of saturation of the arma-
ture teeth. In fact, therefore, before arriving at any conclusions
regarding the variation of the iron losses with the voltage, we
should first find what really is iron loss and what is something
else.

R. B. Williamson: Mr. Lamme has mentionied the paper by
Mr. Field on eddy currents, in which the eddy current losses
in colnductors were shown to be due to the cross flux in the slot.
In slots that have been filed or drifted, the laminations become
more or less connected together, and the cross flux may set up
considerable loss in the side walls of the teeth. A machine that
shows high core loss on open circuit will, in many cases, also
show a high short-circuit loss; that is, there is a connection
between the two, and I believe a great deal of this loss is due
to eddy currelnts in the teeth, or in the side walls of the teeth.

B. A. Behrend: As to the discrepancies in the opinions
expressed by Dr. Steinmetz and nmyself, let me sav that core
losses are not ironi losses, as I have used the term, and as I believe
most of us are using it. Core losses also contain indeterminate
losses. The iron loss is one thing, the copper loss is another,
and the core loss may contain copper losses and iron losses and
losses due to the filing of cores and bad workmanship, as well
as losses due to stray fields from magnetic fields in the end plates
or anywhere in the machines. I think that as we measure core
losses, arid not iron losses, it is not rational to talk of iron losses,
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except in calculations. This seems to me, froln twentv years of
experience, a inatter of course, but I felt constrained to point
it out, as the iron losses, if they could be separated and isolated,
would not increase at a rate greater than the square of the
induction. The core losses, however, do show such increase.

C. P. Steinmetz: I would say that transformers and induc-
tion motors for 60-cycle circuits, are two classes of apparatus
in which good practise keeps the magnetic densities below satura-
tion, or certainly does not let them go beyond saturation.
Consequently, changes in voltage are not associated with
changes in the flux path. As long as there is no change of
flux patlh, all the losses must be dependent on the voltage or the
current. The eddy losses would changre with the square, the
iroln losses probably less than the square, so that the combined
effect canlnot exceed the square of the voltage, except where,
by saturation, the flux l)ath is affected.

B. A. Behrend: I believe there are about three million li.p.
of inductioln motors in operatioln, with the design of which I
have been concerned in one form or another, and I believe
almost all of these induction motors carried the saturation
above the bend of the saturation curve in the teeth of the rotor,
and also in parts of the stator, and I am a little at a loss to
understand the remarks of Dr. Steinmetz in this connection,
because saturation is almost invariably used in the teeth of
the rotors of induction motors, and not ilnfrequelntly in other
parts of the magnetic circuit.

C. P. Steinmetz: I think the confusion exists in the indefinite
meaning of the term saturation. I mean such densities of
saturation that the in .m.f. consumned in the iroii is of the same
order of magnitu(le per unit of length of the magnetic circuit
as the m.m.f. consumed in the air gap. That, naturally, would
not be desirable. Exceeding the bend of the saturation curve is
really not yet saturation, in the meaning of the term as I have
used it. You can go beyond that for a little way and still not
seriously increase the proportionality between the exciting
current and the voltage.
H. M. Hobart: Another circumstance, as showing our ignor-

ance of this subject, could be mentioned. If in the laboratory
you measure the specific resistances of two samples of iron, one
of high and the other of low specific resistance, the eddy current
loss may be as great in the one witlh high specific resistance
as in the one with lowT specific resistanlce. Pending, aln explana-
tioln of this, we must admnit that we do not know much about
eddy current losses.

L. T. Robinson: We do not know verv much about these
things. An encouraging sign is that we begin to take an interest
in them, with the object and hope of finding out more about
them.

R. E. Hellmund: It has been b)rought out that the core
losses, as a rule, rise with the square of the voltage impressed
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on induction motors, mnore so than in the case of transformers.
That is partly due to high densities in certain parts, but I take
it that most of it is due to the fact that the largest part of the
losses in induction motors, of practical design, are eddy current
losses, and only the smallest proportion of the losses are hyster-
esis losses. In considering transformer iron, with about 60
cycles, the hysteresis loss is pretty large as compared to the
eddy loss. In the case of the induction motors the hysteresis
losses are in many motors only about 20 per cent, while all the
rest of the losses are eddy current losses, caused by the higher
frequencies in the teeth. Now, as we all know, the eddy losses
go up with the square of the voltage, and since the eddy losses
in most motors are more than half of the total losses, it is not
surprising that the curve follows the law of the eddy loss rather
than that of the hysteresis losses. It is therefore really not sur-
prising that the core loss curve is nearly the curve of the squares,
even for low densities.

B. A. Behrend: Once more to the subject of saturation, and
the iron losses, where hysteresis alone may be considered.
Dr. Ewing, who first brought out the general principles of
induction in iron and other metals, suggested to Professor
Baily of London certain physical research work, the results of
which are published in the Transactions of the Royal Society.
The paper of Professor Baily is fundamental, and he proves
that rotative hysteresis diminishes at high induction. With the
induction plotted as an ordinate and the loss plotted-as an abs-
cissa, Professor Baily's researches show that at saturation,
viz., 4 7r I in the relation B = H + 4 7r I having become a
constant, the loss diminishes. Whatever induction we have
below or beyond that point is the induction, B, which is the sum
of the air field plus the iron field. This was experimentally
demonstrated in Professor Baily's paper. I also carried on
some experiments in our own laboratories about eight or ten
years ago, and I found an approximation to a similar result.
We eliminated eddy currents as nearly as possible, and we found
that the loss diminished at high inductions.
M. G. Lloyd: Mr. Behrend is quite right in his reference

to the experiment of Professor Baily, and further work along
the same line has been done by others, especially by Professor
Weiss, of Zurich. The curve between watt loss and magnetic
flux densitv has been found to come down almost to zero at
sufficiently high values of the flux density, but this applies
only to a case where you have a purely rotary magnetic field,
constant in intensity and simply changing its direction in the
magnetic material. I do not believe that such a condition can
be found in any kind of a machine such as an induction motor.
You always have there a combination of a rotary effect with a
reversing effect, that is, you have pulsation of the magnetic
field in both time and space. In a case like that the law illus-
trated by Mr. Behrend's curve no longer holds.
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H. M. Hobart: In view of our demonstrated ignorance in
these matters of hysteresis and eddy current losses, we must
base our reasoning on the results of tests, and we should refrain
from basing any conclusions on deductions from old-fashioned
conventional alleged truths which have been shown to be not
only inadequate but utterly misleading.

R. E. Hellmund: In considering the field distribution in
induction motors, we must not only consider the effect of the
primary, but also the effect of the secondary. The secondary,
if short-circuited, has a correcting effect upon the field. This is
especially the case in squirrel cage motors. For instance, a
squirrel cage rotor with an infinite number of bars will always
correct the field so it will have a sinusoidal distribution, no
matter what the initial distribution of the field as set up by the
primary winding. In actual practise, the correcting effect of the
secondary with a limited number of slots, will be such as to
cause the field distribution to be very nearly sinusoidal. We
must therefore say that the chording of the primary has little
influence upon the actual field distribution, but that it will have
a big influence upon the correcting currents in the secondary.

In other words, we may say that the correcting secondary
currents and the losses caused thereby are the smaller, the more
the initial field set up by the primary approaches a sinusoidal
field.
The initial primary field in three-phase motors with full

pitch is not quite ideal in this respect. By introducing a chord-
ing sufficient to have two of the phases overlap half-way, we
obtain an almost sinusoidal primary field distribution. By
chording the coils considerably more than that, the field becomes
worse again and will be the same as in the case of full pitch, if
two of the phases overlap entirely. In two-phase motors, the
initial primary field with full pitch windings is considerably
worse than in three-phase motors, but also in this case phases
overlapped about one-half improve the initial primary field
considerably.

It follows from the above that while the chording of the
winding has no great influence upon the actual field distribution,
it is, if properly chosen, an advantage with regard to the opera-
tion of the motor.
James Burke: That also happens in the loaded conditions?
R. E. Hellmund: It is pretty hard to say just exactly what

happens in the loaded condition, but my previous statements
certainly do apply to the synchronous condition.
Comfort A. Adams: Mr. Hellmund's statements are quite

in line with my ideas in this matter, but he undoubtedly as-
sumed one condition, which he did not mention; that is, that
the correcting effect of the secondary is only complete under
the assumption of zero resistance and reactance in the secondary.

R. E. Hellmund: Yes, this assumption has to be made in
order to get ideal correcting effect.
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Comfort A. Adams: In most squirrel cage motors this condition
is, of course, nearly fulfilled. tf \Tou had zerc) resistance and react-
ance, evenly distributed, it would wipe out all kinds, no matter
what the e.m.f. condlition was. As you rc(lltce the coil pitch below
two-thirds in a three-phase motor, say to 50 per cent, you
might assume that theere would result the same l)erfect n.m.f.
distribution as for % pitch, hut this is nlot so, because the currents
in the overlapping phases have larger phase differenices and yield
quite different amplitudes in adjacent belts. The phase dif-
ferences of the resultant currents in the various belts and the
number of belts (12) is the samie as for I pitch, but when you
gfo down to 50 per cent pitCh, you may have what M\lr. Lamme
has indicated, an actual local reversal of the flux.

(b) TRANSFORMERS
J. M. Weed: The two papers on transformer losses are in a

sense complementary to each othel, but after both papers are
read, th.ere are some discrepancies apparent which need to be
harmonized, and some points which still need to be brought out
to clear up the subject.
The paper by Messrs. Fortescue and McConahey mentions

the losses due to eddy currents in the copper, and those due to
circulating or unbalanced currents in unsymmetrical parallel
windings, but dismisses them with the statement that they are
negligible in careful designs. In the remaining part of the paper
these losses are ignored, the total copper loss being classified
as P2R loss and stray loss (see section V of the paper). The term
stray loss is confined to that part of the loss in the primary wind-
ing due to the resultant of load current and exciting current
which is in excess of that which would be caused by the load
current alone plus that which is caused by exciting current
alone. In equation (24) the term " short-circuit loss " is used
as an alterlnative term for 12R loss, and is intended to refer to the
loss whlich would be caused by load current alone.
On the other hand, Mr. Lewis calls the loss due to the resultant

of load and exciting currents the J2R loss, and classifies the extra
losses due to magnetic leakage, which include the losses due
to eddy currents, as stray loss. Moreover, the extensive tabu-
lations of tests g-iven by Mr. Lewis show that these losses are
often far from negligible, varyving as they do from a small value
to more than 50 per cent of the P'R loss.

This discrepancy in the use of terms is no doubt the result of
efforts on the parts of the authors of both papers to use in a
rational and. discriminating way the old stereotyped terms " load
losses " and " stray losses," which have been used rather indis-
criminately to cover a multitude of sins. This effort has taken
different directions in the two cases.

Messrs. Fortescue and McConahey have confined the term
"stray loss " to a rational significance, that of a loss which
escapes measurement. This applies to the extra loss due
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to combining the load and exciting currents, but not to the
losses due to magnetic leakage.
On the other hand, M\4r. Lewis lhas made the term " load loss

to include the PR loss, which, in so far as it is due to load current,
certainly is a load loss. But he has made the 1PR loss of the
primary to include the total loss due to the resultant of exciting
current and load currelnt. This loss all might properly be called
IPR loss, but not all load loss, since that element of it due to excit-
ing current alone is included in the open-circuit or " no-load
loss."

Probably the losses which Mr. Lewis has designated as stray
loss would be mnore properly designated as losses due to magnetic
leakage, or extra losses due to loading, these losses being included
with the P2R losses due to loading, under the general term of
load losses, as Mr. Levis has suggested.

I would make a similar suggestion with respect to rotating
machines also, where the same difficulties have appeared in the
rational classification of losses. The resistance loss in the
armature winding does not seem to be logically excluded from
the term load loss. Moreover, the losses due to magnetic leak-
age, which are properly included under the general term of load
losses, may not properly be designated as stray losses, since
they are included with the armature resistance loss, windage
and friction, in the short-circuit core loss. The results of tests
given in the papers by Messrs. Foster and Knowlton, and by
Mr. Brainard, seem to indicate that these losses, as measured
by this method, are not " greatly exaggerated," as stated in
section 115 of the present rules, but that they are approximately
the correct losses for the normal load condition.

Returning now to losses in transformers, an independent dis-
cussion of the various elements of loss and their classification may
be useful. I will begin this by summarizing these elements,
thus: The total losses of the transformer may be divided into
those due to excitation, called no-load losses by Mr. Lewis, and
those due to load, which he calls load losses. The former, ordi-
narily referred to as open-circuit or core loss, includes, besides
hysteresis and eddy current losses in the core, a small element of
resistance loss in the primary winding due to magnetizing current
and a dielectric loss in the insulation which is very small in low-
voltage transformers, but may be quite large in very high voltage
transformiers. These losses should be measured with open
secondary, at rated frequency and rated sine wave voltage plus
IR (instead of rated voltage minus IR). This correction of sign
will be approved at once when it is considered that the rating
of the transformer is based upon its output, and that the current
rating is universally calculated from the name-plate voltage.
The nameplate secondary voltage must, therefore, be taken as
the full-load voltage, while the primary applied voltage is sup-
posed to be in excess of the name-plate primary voltage by an
amount equal to the transformer drop. The excitation of the
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core corresponding to full load at 100 per cent power factor, is,
therefore, the name-plate voltage plus the percentage of P2R
drop in the secondary winding.
The load losses include the losses due to magnetic leakage plus

the P2R loss due to load current and the measured resistance plus
the extra loss due to the combination of load current and exciting
currelnt in the primary wilnding. This does not include the loss
due to exciting current alone, which was measured with the
open-circuit loss. The losses due to magnetic leakage and the
I2R loss due to load current are included in the mneasured short-
circuit or impedance loss, but not the extra or stray loss due to
exciting current. This loss is usually very small, but may be
included by a correction, based not on the total short-circuit loss,
as stated in equation (24) by Messrs. Fortescue and McConahey,
but on the P2R loss due to load current. Moreover, the total ex-
citing current does not enter into this correction, but only the
fundamental component of the exciting current. The correction
may then be made exact, including the effect of the hysteresis
angle, by the formula:

Total loss in copper - loss due to magnetizing current
alone = extra loss due to magnetic leakage + resistance loss
due to load current X [1 + 2 pq (cos 0 cos 6' + sin 0 sin 0')]*
where

p= n1
n2 12

and

( 2 I2 )R,
n=.~ ~ ~ n

q total resistance loss due to load current

*The derivation of the formula given above for correcting I2R loss
to include stray loss due to exciting current is obtained as follows:

Referring to Fig. 2, page 602, the fundamental component of exciting
current,

/40/1
may be separated in two components a and b, the former in phase with
the load current, the latter at right angles to it. Represent the load
current in the primary winding

12 by c.
nl

The total loss due to these currents is

[a2 + (b + c)2] RI
(a2 + b2 + c2 + 2bc) R1

The loss due to the fundamental component of exciting current alone
is (a2 + b2) R1. The loss due to the harmonics of exciting current must
be added to this, but these components do not affect the extra loss due
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and where
cos 6 = power factor of the load

and
cos 6' = power factor of (I,),

(Il)1 = fundamental component of exciting current

With 10 per cent exciting current, which is the maximum
value that should occur in practise, the fundamental component
would probably be about 8 per cent, so that p = 0.08. Assum-
ing a core loss of one per cent, we have cos 6' = 0. 125, and sine
0' 0. 993. Assuming equal resistance losses due to load current
in the primary and secondary windings, we have q = 0.5.
Now, for full load at 100 per cent power factor, the correction
for stray loss due to magnetizing current becomes

I2RX2X0.08X0.5X0.125=0.01 2R

and for full load at 80 per cent power factor,

I2RX2XO.08X0.5 (0.8X0.125+0.6x0.993)=0.05612R

Thus the maximum correction that would be made for 100 per
cent power factor load is about one per cent of the resistance
loss due to load current, and this becomes about 52 per cent for
80 per cent power factor load. It appears that this correction
is hardly worthy of consideration in questions of efficiency.
This is particularly true if we remember that the rise in tem-
perature of the windings while the losses are being measured may
produce an increase in the loss as great as or greater than the
correction which we are considering.
to the combined exciting and load currents. The total P2R loss in primary,
minus the loss due to the exciting current alone, is

(C2 + 2bc) t,
Now

b = Ile/ 1 cos (0'- 0)

= P - I2co(-C0
nli

= pCCoS (6' 0)

whence we have: Total I2R loss in primary loss due to exciting current
alone

-c2 [1 + 2 p cos ( R'-)]Ri.
Adding the loss due to load current in the secondary, and remembering

that c2 R1 = q X total loss due to load current, we have:
Total loss due to load current, plus stray loss due to exciting current
total loss due to load current X [1 + 2pq (cos 0 cos 0' +sin 0 sin 0')]
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This increase in the copper loss due to temperature rise in
the windings while the loss measurements are being made, seems
to deserve more detailed consideration. Full-load current must
be sent through the windings for this measurement, and at the
start, all of the heat produced is stored up in the copper itself.
As the temperature of the copper rises, it throws more and
more heat out through the insulation into the oil, until the heat
thrown out is equal to the heat generated, when the temperature
ceases to rise, except as the temperature of the oil rises. The
initial rate of temperature rise is therefore fixed by the thermal
capacity of the copper and the rate at which heat is generated.
The thermal capacity of copper is about 177 joules per pound
and the average loss in large transformers is about 10 watts per
pound. This gives an initial rate of temperature rise of one deg.
in 17.7 seconds, or 3.4 deg. per minute, and an increase in the
copper loss of 3.4 X 0.4 = 1.36 per cent.

This effect of temnperature rise in compensating for the stray
loss is illustrated by reference to Table I, showing the results
of tests, at the end of the paper by Messrs. Fortescue and
McConahey. We see here that the measured loss is larger at
high power factors than at low, whereas the correction for stray
loss would indicate that it should be smaller. (The stray
loss was, in this case, included in the measurement by the
method of the test.) This is explained by the fact that the high
power factor readings were taken last, and that the loss was
increased due to increase of temperature during the tests more
than it was decreased by increasing the power factor. These
results would have looked very different if the measurements
had been taken in the reverse order.
The temperature tests recorded by Mr. Lewis under the head-

ing " RelatJon between Impedance Watts and Load Losses,"
in Tables VII and VIII, are, of course, not comparative tests
between impedance watts and load losses, but betwveen loads of
different power factors, since the exciting current is present in
both cases, the only difference between the two cases being that
of phase relation between the exciting current and the load
current.

Although, as we have seen, the stray loss due to magnetizing
current is not ordinarily important from the standpoint of effi-
ciency, still it 1may be sufficient to account for a considerable
differeince in te-mtperature rise betweeln two transformers tested
together by the opposition method, when this test is made with
loading voltage and exciting voltage of the same frequency. The
power factor of the load, or circulating current, depending as it
does uponl the relative amounts of inductance and resistance in
the combined impedance of the transforners, is always low, giv-
ing almost the maximum correction for stray loss. The correc-
tion for one transformer will be positive and that for the other
negative, since, while the current lags in one, it leads in the other,
the difference in phase of the circulating current in the two trans-
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formners with respect lo the exciting curr-ent being 180 deg. The
(.ifference between the copper losscs in the two transformers is
thus twice the correctioni for onie. Ihere is, of coturse, a slight
compelnsation for this differenice in copper losses, due to the fact
that the core loss is somewhat in.rease,d in the transformer hav-
ing the smaller copper loss, and vice versa. The net result, how-
ever, may be a difference of two or three degrees in the tempera-
ture rises of the two transformers.

Equality of losses may be obtained by using a frequency for
loading which is different from that used for exciting. This
difference in frequency may be very slight, if desired, maintaining
practically the rate(d frequtelncy both for the excitation and for
the load. This is, of course, a necessity for nlormal core loss, and
it is also a neceessity for normal copper loss when the eddy current
losses are appreciable. The extra loss due to the colmbination of
exciting currenit and load current will not be present under these
circumstances, but only the sum of their respective independent
losses.
The mathematical discussion given by Messrs. Fortescue and

McConahey, under the second heading, " Theoretical Study of
Copper Losses in Transformers," is correctly applicable to
mutual inductive circuits in air (with no iron core). However,
the values of equivalent resistance and equivalent inductance,
given in equation-s (7) to (13) inclusi-ve, are not completely ex-
pressed. The expressions given are the equivalent values for
the nth 1harmonic only. The equivalent values which must be
taken in connection with the value of the total resultant current
(lepeu(l upon the wAave form of the current, i.e., upon the relative
values of the various harmonics of current. These values of
resistance and inductance cannot, tlherefore, be expressed in-
dependently of the current. The complete expression for equa-
tions (7) and (8) would be

R. =R,+--( (R2 + R0)2 + n2p2 (L2 + L 0)2 ( (R28Ro)Ra-Ri+ f12 (R2+R0)

and

n2p2m222
L_____ \ (R2 + Ro)2+n2p2 (L2+Lo)2v IX

The remaining part of the discussion, if completely expressed,
as it must be for any practical application, will be more com-
plicated than it appears in the paper.

I do not agree with the authors that the results obtained in
this manner, based upon the assumption that L1 and L2 and Mll
are constants, apply with almost equal accuracy to transformers,
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where these values vary, not only for different values of maximum
inductance, but throughout the cycle for any given value of
maximum inductance. This introduces additional harmonics
in both current and voltage not taken into account in this treat-
ment, the object of which is to cover the effects of harmonics.
The authors have made no practical application of this mathe-

matical discussion. They state that formulas given in Section
5 of the paper are based upon it, but these formulas take no ac-
count of harmonics, and are very easily derived from considera-

B

FIG. 1 FIG. 2

tions based upon a simple sine wave. Thus,referringto Fig. 1,
the formula for regulation is derived as follows:
Eo is the no-load voltage of the transformer and E the full-load

voltage at the secondary terminals, so that

reultin Eo -E AD+DF+FGE E

I R cos +Xsin + FG
E

But FG (FB)2 (IX cos 0 -IR sin O)2FH 2E + 2IR cos 0 + 2IXsinO0 + FG
whence

regulation IR cos 0 IX sin 0regulatlon= ~E E

/IX cos 0 IR sin 0 \2
E E

t b un2IR cose wv2IXTsin r iFG
E E E

and, multiplying by 100 I
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per cent regulation = % IR cos 0 + % IX sin 0

+ (% IX cos 0 -%IR sin 0)2
200 + 2% IR cos 0 + 2% IX sin 0 + FEG

Neglecting the last three terms in the denominator of the third
term, we have the formula given in the paper, which, though
sufficiently accurate for practical purposes, is thus seen to be
inexact, apart from any consideration of harmonics.

Mr. Lewis has done the Institute an important service by
including in his paper a large amount of data on the extra losses
in low-voltage transformers, due to the magnetic leakage field,
and in high-voltage transformers, due to the dielectric field. It
is possible that the values given for extra loss due to magnetic
leakage (called stray loss by Mr. Lewis) are, in general, too large,
being the total measured loss minus the loss calculated from the
measured value of resistance and the current. The increase in
temperature during the measurement of this loss gives ordinarily
too high a value, as explained above. Moreover, many of the
worst cases are seen to be those of magnetic shunt transformers,
in which the losses in the shunts themselves are included.

While these losses may be kept to a minimum value by careful
design, and are practically eliminated in many cases, yet Messrs.
Fortescue and McConahey must agree that commercial require-
ments as to rating and service, and conditions of design, are often
such as to make it practically impossible to avoid quite large
losses due to eddy currents.

These cases may be recognized, however, and the calculation
of these extra losses usually can be made with sufficient accuracy
for a basis of efficiency guarantee. In my opinion, therefore, the
common practise of excluding these losses from efficiency guar-
antees is not necessary, nor desirable.

C. Fortescue: When the paper referred to by Mr. Weed was
written, the authors had in mind both the eddy current losses in
the copper, which are easily measured, and the portion of the P2R
loss due to the exciting current which is not included in any of
the usual measurements. A portion of the P2R loss due to the
exciting current is included in the core loss measurements, and
properly so, since it is practically constant at all loads. It is
necessary to apply a correction to the short-circuit measurement
for the other portion of the P2R loss, but only when the exciting
currents are very high, since otherwise this correction is negligible.

Mr. Lewis in his paper tabulates the stray losses and impedance
voltages in a number of commercial transformers, and points
out that there is apparently no definite relation between these
two quantities. I have stated in my paper that in a good
design the eddy loss in the conductor can be reduced to a very
small value. It might be well to modify this statement by
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adding that when high impedance is required, the cost of keep-
ing down eddy currents to a low value sometimes becomes
excessive. In transformers for furnaces, in which very large
secondary currents are required, it becomes particularly diffi-
cult to keep this stray loss down. In the ordinary run of
transformers, however, this loss can be controlled without
materially adding to the cost.
James Burke: I simply desire to call attention to one feature

of the paper by Mr. Lewis, which recommends the measurement
of the copper losses hot, whereas the universal practise, I think,
in this country now on transformers is to take the copper loss
at 25 deg., and I simply wish to call attelntion to the fact that
the recommendation of Mr. Lewis is a departure from the exist-
ing commercial practise, which is in use in connection with a
very large number of transformer manufacturers.

I would like to bring to the attention of the Standards Com-
mittee another feature which might be considered in the new
rules, and that is, sometimes manufacturers are asked to guar-
antee the volt-ampere efficiency of transformers, and I have seen
specifications asking for the volt-ampere efficiency at 100 per
cent power factor, 90 per cent power factor, and 80 per cent
power factor, and I think it would be of advantage if the Stand-
ards Committee introduced some simple methods of bringing
these factors into consideration rather than calling for specific
tests under each of these conditions for acceptance tests.

E. A. Wagner: I think Mr. Burke's point about the volt-
ampere efficiency is well taken. There has been a very pro-
nounced demand, especially in the railway signal service, for
figures giving volt-ampere efficiency. There is nothing really
specific in the present standardization rules showing how this shall
be done, and I think that the Standards Committee should
mention this matter, and state absolutely clear definitions of
the meaning of volt-ampere efficiency and also decide as to the
effect of the excitation current on these volt-ampere efficiencies.

In regard to these recommendations at the end of Mr. Lewis's
paper, I do not think that the exciting current should be de-
ducted and segregated from the core loss measurement, that is,
the effect of the excitirng current on the copper losses. In a
transformer designed for high exciting current, necessarily the
core losses have been affected, due to that design, and as the
exciting current is really a function of the core loss design, I
think it should be included in the heading " no-load losses,"
or else a separate definition made as to the no-load losses which
will include the effects of exciting current. Where the no-load
losses are to be taken on the primary circuit, according to these
recommendations, then it is going to make considerable diffi-
culty in measuring losses on high-voltage transformers. We do
not measure the core losses on 100,000-volt transformers on the
primary side, we always measure them on the secondary side.
The same holds true iln the case of commercial tranisformers, 2200
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volts to 110. We measure themi directly with a 110-volt watt-
meter, and do not attempt to step-up and then step-doNTn.
The last recommendation reads: " On account of the varia-

tion with temperature, all losses should be measured at the
operating temperature." If the Standards Committee adopts
this recommendation, it should be specific as to a definite tem-
perature. As a matter of fact, core losses go down with the
increase in temperature, so that it affects the total loss in that
way; but it is difficult to hold the temperature steady at any
predetermined point if any time is consumed in making the
measurements of these losses, and I think, therefore, it is better
to specify a room temperature, and take the iron loss or no-load loss
at that temperature, and if the full-load losses, including copper
losses, are wanted, they can be corrected for the rise in temper-
ature.

Charles P. Steinmetz: When the first Standardization Rules
were established in 1899, it was stipulated that all losses should
be measured at the full-load operating temperature. Trans-
former losses wAere included in this rule.

Before that time they had been measured bv the manufacturers
at the room temperature and the efficiency guaranteed on that
basis, and these guarantees were wrong. That question has
frequently arisen, and transformer designers have come before the
Standards Committee and requested that the Rules should be
changed to read: " In all apparatus the losses shall be measured
at the full-load operating temperature, except in the case of
transfornmers, whlere they shall be measured at the rooin tem-
perature." It is not desirable to make a specification of this
kind for transformers. There is no reason whatever to be seen
why this should be done. The efficiency you want to know is
that at which the transformer is running, which is at the opera-
ting temperature, and not at some fictitious temperature. It
is true that it means that vou must lo-\wTer the efficiency guarantees
a little, but that cannot be helped. What you guarantce
when measuring the PIR losses at the roonm temperature, is not the
efficiency of the apparatus, but a higher value than is actually
there.
The IPR loss of the exciting current should be separated and

not included in the core losses. The I2R loss of the exciting
current changes with the load. For instance, if the exciting
current is 10 per cent of full-loa(d current, then at no-load the
P9R loss of the exciting current is 1 per cent of the primary
P2R loss, and conversely the prim-Xary IPR loss at full non-induc-
tive load is 100 times the P2R loss at no-load. But at full
inductive load the exciting current increases the load current
by 10 per cent, and so gives an additional primary IPR loss of 21
per cent, and that means at full inductive load the primary
IPR loss is 121 times as high as at no-load. Obviously, therefore,
the IPR loss dute to the exciting ct rent must be eons,dered
separately C-im(iiIot ichi de(l ill. tl iio-load losses.
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Leo Schuler: I call your attention to the fact that when you
measure the efficiency of the transformner at room temperature,
instead of working temperature, it does not mean necessarily
a very great difference in the efficiency, because the copper
losses, of course, are lower, but the iron losses are higher, espe-
cially with alloyed iron.
James Burke: I want to correct any misunderstanding of

what I said. I am not advocating measuring the transformer
losses at room temperature. I was simply calling attention to
the difference between the commercial practises of today and
the recommendations.

Charles F. Scott: In regard to the word " stray," if I am
not mistaken, laboratory manuals present the " stray power "

method of measuring efficiency which is taught to the student
as a very definite thing. Stray power is about everything thaL
I2R does not include. The power to drive a motor is meas-
ured at no-load, and wlhat is not I2R is stray power.

I asked this morning one of the designing engineers of one of the
large companies, whether the term " stray power " was used in
his organization. He said he did not know that it was. We
come here and find the word " stray " used indiscriminately
to cover about everything which cannot be accounted for.
The moral of this is that one of the chief duties of our Stand-

ards Committee is in the matter of definitions. Here is a term
"stray," that certainlv needs to be defined.

J. M. Weed: I think Mr. Wagner's objection to measuring
the core loss from the primary side is based upon an erroneous
definition of the primary side. The primary side. is often the
low-voltage side, as the transformer may be used either for
raising or for lowering the voltage.

J. E. Saunders: I notice the recommendation is that trans-
former losses are to be measured at operating temperature.
I want to know what this operating temperature is. We are
hanging transformers where it is 130 deg. fahr. in the shade in
the summer time, and they are hanging out all summer, and
we are hanging them in another place where it goes as low as
30 to 40 deg. fahr. below zero, in the winter time, and those are
the operating temperatures, so I want to know why we should
not substitute room temperature for operating temperature.

C. Fortescue: The operating temperature, I think, is defined
as the temperature at which the transformer will operate at
the standard room temperature of 25 deg. with full load, at
100 per cent power factor. In transformers we base our rise
on the average temperature of the coils as measured by the rise
of resistance method. We do not indicate the temperature of
the hot spot. In transformers there is a very slight difference
between the average temperature of the coil anld the maximum
temperature, on accoulnt of the smnall temperature gradients
through the insulation, an(1 coils, etc.

J. M. Weed: There is one point wlhich I think should be
recognized by the Standards Commlittee in laying out their
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rules, and it may be that some of the members present might
wish to discuss the matter if it is brought out specifically, and
that is the question of cooling after the load is taken off the
transformer. This, of course, applies to all electrical apparatus.
It is practically impossible to get the resistance measurements at
once, of course, and it is a fact that the apparatus is cooling
after the load is taken off until such time as the resistance can
be taken. It is possible, as has been brought out in some of
these papers, to make corrections, but this matter of correction
is always an uncertain matter, and will involve complications,
and it- would possibly be better to specify a time limit within
which the resistance measurement should be made, recognizing
the fact that the actual temperature at the instant that the load
is taken off is a little higher, but considering it on the same basis
as the hot spot that we cannot find.
A Member: There exists a method for finding the real tem-

perature which is much easier than to find the hot spot. You
have only to know exactly the moment when you really take
the load off the transformer. Say that you press a stop watch
at this moment, and then take two or three readings afterward,
plotting a time-heat curve, and extrapolate that curve, you get
the correct value the moment that you really took the load off
the transformer.

L. T. Robinson: In connection with the remarks of the last
speaker, I would say if those who are interested will refer to the
paper which was read here yesterday by Mr. Chubb, they will
see that the extrapolated value will not always be correct.
Under some conditions the part where you are taking the tem-
perature by resistance goes down after a while, and then it
begins to go up by transfer of heat from some iron part or some-
thing else that is hotter. It may be useful to use extrapolation
sometimes, but it must be used with caution, otherwise you may
get a large error.

J. M. Weed: In determining the temperature by extrapo-
lation the results are very uncertain, for the reason that slight in-
accuracies in the readings modify the shape of the curve very
much. The point that you decide upon as the initial temper-
ature is very much influenced by errors in the first two or three
points of the curve.

C. Fortescue: I agree with Mr. Weed that the method of
extrapolation by means of a curve is very uncertain and brings
in a large personal factor. It may be necessary in some cases to
use such methods, but it would be better if some quicker methods
could be devised for measuring the resistance of the windings
than those at present in use. One thing that can be done in
using the Kelvin bridge or the Wheatstone bridge is to have them
set for the expected reading; in this way the final adjustment
can be made very quickly. A measurement made in this manner
is so quick that I believe only one or two degrees are lost. A
matter of one or two degrees has but little effect on the operation
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of a transformer, and therefore I think mz-easurements obtained
in this way are sufficiently accurate.
Paul M. Lincoln: A definite question has been asked as to

what temperature shall be used in calculating the copper losses
of transformers and other apparatus, and I think this question
is one which requires a definite answer and one which should be
fixed by the Standardization Rules when- promulgated. It
seems to me that it is best answered by adopting the suggestion
made in Mr. Lewis's paper, namely, to base it upon the operating
temperature. But that operating temperature should be taken
above a standard air temperature, and in my opinion that
standard air temiiperature should be taken at 25 deg. cent. There-
fore, the copper loss in a transformer should be calculated at the
temperature at which it will actuallv operate when the sur-
rounding air is 25 deg. cent.
W. C. Smith: In connection with the question of losses just

brought up, and also referring to the statement of Dr. Steinlmetz
this morning, in which he said that the customer is most
interested in losses at the operating temperature, there is another
question regarding efficiencies which should be touched upon
by the Institute, and that is the question of efficiencies at
fractional loads. The present rules imply that the efficiency at
a given load should be based on the operating temperature at that
load. In the case of fractional loads, this imposes a serious
burden on the manufacturer, one that is not complied with now-
adays or asked for. Fractional-load efficiencies are guaranteed at
the same temperature as the full-load efficiencies, so I believe
that the new Institute Rules should state clearly that all effi-
ciencies, both for full load and fractional loads, shotuld be based
on the full-load operating temperature.

J. M. Weed: I would suggest that it ought to be satisfactory to
specify the efficiencies of the transformers at temperatures at
which they are guaranteed to operate at full load; that is, with
standard room temperature, if you guarantee a transformer for
35 deg. cent. rise, with a room temperature of 25 deg. cent.,
base the efficiencies of that transformer on the losses at 60 deg.,
and if you guarantee 50 deg. cent. rise over 25 deg. cent. room
temperature, you guarantee your efficiencies on the basis of 75
deg.
W. C. Smith: Inasmuch as I brought up this point, I would

like to go on record that I concur fully with the two gentlemen
who have just preceded me-in my opinion, all efficiencies
should be based on the full-load guaranteed operating tem-
perature.

G. K. Kaiser: Referring to the question of operating tem-
peratures, it appears to me that the regulation as well as the
efficiency should be based on the temperature which the appara-
tus assumes when operating continuously under load. That is,
the regulation at various loads and power factors should be
determined from the load losses at operating temperature and the
reactance of the transformer.
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(e) BRUSH LoSSES
W. B. Brady: Rcferring to the paper by Messrs. Edgecomb

and Dick, the brush niaimfac.turers are very much interested
in the subject of brush losses a, ndwe are verv glad the Institute
has taken up this mnatter. We have I-eeln working on the develop-
ment of brush tests for more than six years but we have been
handicapped by the lack of apparatus that would give us con-
sistent results. Then, again, as we have developed our own
apparatus the results we got were applicable only to that apparatus
and only under the exact conditions of that test. This is due to
the number of variables and losses that are in a certain combina-
tion under the conditions of that test. By having these losses
more definitely separated and understood we may be able to
get a definite basis to make our results comparable. One of the
best ways I know of is to standardize the brush-testing apparatus
and I hope this can be done in the very near future. It will be
a decided step in brush development which will be of great
assistance to engineers.
Leo Schuler: I ask whether any experiments have been made

in this country with regard to the influence of the current flow-
ing from the commutator to the brush, in relation to the friction.
It is rather surprising, but it is a fact, that friction is somewhat
influenced by the current on the brush. I cannot see the reason
for it, but there may be a molecular attraction on the surface
of the commutator.

B. A. Behrend: In regard to Mr. Schuler's question, whether
the coefficient of friction depends on the current in the brush.
If an experiment is conducted on an electric motor or generator,
very many vitiating factors enter into it, so that it would be im-
possible to say that the presence of an electric current is respon-
sible for the alteration or change of the coefficient of friction,
and I ask Mr. Schuler whether he means that under stationary
.conditions such change or variation in the coefficient of friction
is obtained?
Leo Schuler: I do not know whether in those cases it would

affect it or not. What I know is this: With a slip-ring arrange-
ment, driven by a small synchronous mnotor, just sufficient to
drive the slip-ring with the brush on it, that synchronous motor
falls out of step the moment vou put current on the brush,
That seems to indicate an increase of friction due to the current.
There is another reason. When you work a machine idle,

that means excited, but no current on, then you hear a certain
noise produced by the friction of the brushes on the commutator,
and you will notice quite a pronounced alteration of this noise,
when you put current on; there seems to be no other expla-
nation for this than that there is another coefficient of fric-
tion when the current is on the machinie.

B. A. Behrend: May I ask whether it is not possible that
this additional power required in your synchronous motor is
due to current induced in your slip-rings and in your brush?
You would expect such induced currents, would you not?
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Leo Schuler: But I cannot see how power is taken from
the motor for these eddy currents.

B. A. Behrend: That seems to be the critical point at issue;
if there is any possibility of this applied power having to come
from the synchronous motor, it would not be charged to coeffi-
cient of friction.
Leo Schuler: I think if there are induced currents in the

slip-rings theni the power to produce these currents can only be
taken from the source of current which is going through the
slip-rings, but not from the motor driving the slip-ring.

B. A. Behrend: I would not be so ready to endorse that state-
ment; it does not seem to me to be absolutely evident that it is so.
Perhaps some one else has thought more about that point, and
can give us some information regarding it. I ask Mr. Lamme
whether it is not possible that the creation of a magnetic field
by an electric current and its consequent passing through the
slip ring would not account to some extent for the falling out of
step of the synchronous motor driving the (levice. I do not
know that this is the explaniation in the specific case cited, but
it seems perfectly plausible to assume the existence of such a
magnetic field through which the slip-ring has to cut at a certain
definite rate of speed which would put an additional load on the
driving synchronous motor. I may be mistaken in my explana-
tion, but it is entirely reasonable.
W. B. Brady: Answering the question about the influence of

current on the coefficient of friction, Messrs. Martindale and
Berkeley in their written discussion indicate that the coefficient of
friction decreases very materially with increase of current. We
tried that under four different grades of carbon on the slip-ring,
simply a band of copper mounted on a pulley, and measured the
friction in that way. It decreased very materially with increased
current.

A. H. Freeman: We have made no particular tests to deter-
mine the effect of current density on coefficient of friction, but
my observation has been, on some temperature results, it may
have that effect Mr. Brady speaks of, that the coefficient of
friction drops slightly with increased current densities. In the
paper by Messrs. Edgecomb and Dick, I see that they recom-
mend a set of constants for representing the difference between
the surface of the test apparatus and the surface of cast-iron,
steel, bronze and various other materials.

Alexander Gray: About a year ago I started some students
on experimental work on brush friction and the results they
obtained were so erratic that no satisfactory conclusion could be
drawn from them. Recently I started up the same apparatus
and found that the coefficient of friction could vary 300 per
cent in half an hour. The friction force was measured by a
spring balance at the end of a beam which was supported on
ball bearings concentric with the shaft of the motor and which
carried two brushes at opposite ends of a diameter. At the
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start, the pull on the scale was about one pound; at the end of
half an hour the pull had gone up to two pounds, and the tem-
perature of the brush, measured by a thermocouple placed
within 1/16 in. of the rubbing surface, also increased. The
brushes then began to chatter, the temperature rose very rapidly
to several times the previous value and the pull on the scale
went up to 3.5 pounds. One of my assistants came into the
laboratory at that time; he was smoking and blew a cloud of
smoke on the ring; the scale reading went down immediately
to 2 pounds, the chattering stopped and the temperature dropped
considerably; the chattering did not commence again nor did
the pull on the scale reach the value of 3. 5 pounds for about one
minute. Afterwards, as a matter of curiosity, I ran my finger
across the ring surface, the pull immediately dropped to two
pounds, the chattering ceased, and both took about one minute
to rise again to the original value. A piece of waste was then
put in contact with the running ring and was left there for half
an hour, at the end of which time chattering had ceased and the
scale reading had come down to one pound, and then, although
the waste was removed, the pull did not increase in two days,
for which length of time the apparatus was kept running con-
tinuously. A bunsen flame was then applied to the ring, and
although the friction pull decreased, the decreas3 was very
small. A little vaseline was then put on the ring and the scale
pull came down to a smaller value and stayed there.

After a thin film had been ground from the brush contact
it was possible to reproduce the same cycle of operations.

In case there should be any misunderstanding, I may say that
the brush was a modern one, and had a highly polished surface.
The film on the ring was not something I put on myself, but was
inherent in the brush.
The above results seem to me to be of such importance that

I would be tardy in standardizing certain coefficients of friction
for certain standard machines, in fact I consider the proposition
to be very objectionable. Brush friction depends largely on the
design of the holder and on the workmanship put into the brush
mechanism. If I buy a machiiie with a certaini guaranteed
efficiency I want to measurc the efficiency or losses in some way
or another, and slhall not be satisfied with something calculated
by the manufacturer from constants, even although they are
standardized by the Institute.

If the brush friction is measured when the brushes are newly
ground a certain result is obtained; if the machine is then run
for several hours the friction loss may increase 300 per cent,
but by running a piece of waste across the commutator surface
for some time the friction loss can be reduced again. This being
the case, I would suggest that the new rules make some recom-
mendation as to whenl tlhe frictioni loss shall be measured, whether
before or after tl-he heat run, and also as to whether or not the
manufacturer should be allowedI to clean the commutator before
he measures this loss.
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Comfort A. Adams: I think we will all agree that the whole
question of satisfactory operation of commutating machines,
as to the commutator and brushes, is one which depends upon
a very great many details not only of manufacture but also of care
and operation. There are many variables involved, and it is diffi-
cult to lay down general rules. It is not anything you can theorize
much about, one way or the other. I will simply state what I
have found to be the most successful method of operating
commutating machines from the purely practical standpoint.
This applies to modern, good quality commutating machines,
with brushes such as are ordinarily supplied. Start with
the commutator in perfect condition, as far as it can be made
so, and the brushes well fitted; then watch it very carefully
for the first few days, or possibly a week. During the first
day of its operation be very sure to keep the commutator so
clean and in such condition that it will not cut. I assume,
of course, that the machine does not spark enough to burn.
After the polished condition has been once established, very
little care will keep the comnmutator in good operating
condition without any lubrication. In fact, my experience
has been that there is more danger with lubrication than
without, after the commutator is once thoroughly well
polished and is in good working condition. It is not suffi-
cient, in the case of a freshly ground commutator, to clean it
off once and let it run for a day or tw;,o without any care at all.
It is only after it has become thoroughly polished that it can
be allowed to go with occasional care, and the principal thing is
to keep it clean and dry. There is a little lubrication in these
brushes, but much of it is apt to gum up the commutator and
a little sparking will cause the coefficient of friction to rise very
rapidly.

Alexander Gray: The work presented to us in these papers
is excellent and we ought to be grateful to the writers for the
amount of work they have put into them. I know what the
measuremient of the coefficient of friction on brushes means.
The poinlt we are concerned with, however, is not the angle of
the brushes-we are not going to tes-t for that; we are lookinig
for a suitable performance test for brush friction loss and instruc-
tions as to how to make it.
As Professor Adamns says, the proper thing to do is to take

care of the commutator for two or thrce days and theni let it
run; but if you tell the manufacturer you want the machine to
run for a week before you test it, he will probably increase the
price. The point I want to make is that we might hurry this
first part of the business by cleaning off the film which is deposited
and so allow the brushes to take the bedding sooner than two or
three days. If we can do that., let its standardize it; if we cannot
do it, let it alone.

In regar(l to the suggestion that the sm.oke was a lubricalt, it
is ingenliotns aln(i it ma1ty l)e riglht. TI'lie smloke maay also lact as an1
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abrasive which cleans off the film of carbon; the same man blew
on the comnmutator when he was not smoking and it made no
difference to the friction loss, so that we can eliminate the question
of moisture.

B. G. Lamme: Mr. Schuler has raised a point about the
effect of current on brush losses. I will say that under some con-
ditions current may have a great effect on the total losses in
connection with collector rings. In the case of very heavy rings
carrying very heavy currents, the magnetic field set up by such
currents, if cut by the collector rings, Tnay be such as to cause
very heavy eddy current losses in the rings themselves. In the
case of a 2000-kw. unipolar generator with which I am familiar,
in the preliminary tests, one-half of the rings on the machine
were made of steel, instead of bronze, and on the test with
normal full load current under zero voltage conditions, the
measured loss was approximately 200 kw. higher than when all
the rings were bronze. Our investigation showed that the excess
loss was due almost entirely to eddy currents due to magnetic
action, and was not due to brush contact. The loss was almost
entirely in tlle rings themselves. With bronze rings there was
some loss, but not more than a few per cent of tllat foulnd with the
steel rings. In this case, therefore, the losses varied with the
current, and such losses were carried by the driving motor.
Apparently there are two opposite opinions regarding this

variation of friction with the current, one claim being that it is
reduced with the current and another that it is increased. It
seems to me that an action other than the eddy currents above
described may also be present, namely the influence of the direc-
tion of current on the brush contact itself. Our test with the
unipolar generator referred to, showed that where the currents
passed from the brushes to the rings, the rings tended to take a
good glaze, and but relatively little attention was required in
the way of cleaning; whereas, where the current passed from
the rings to the brushes there was a continued tendency to
burn away the surface of the rings and to increase the resistance
of contact. Apparently, one of these actions should give less
friction loss than the other, and possibly in the conflicting opin-
ions cited, the different results may have been due to different
arrangements of testing which did not take the direction of
current into account.

In the question of brush frictioln losses, especially on new
machines, the condition of the commutator itself must be taken
into account. Until commutators are well " seasoned," they
are liable to show high brush friction losses. The binding mater-
ial in the commutator mica may ooze out to a very slight extent,
and " gum " the commutator slightly. This will increase the
friction enormously, but as it is obviously impossible to thor-
oughly season every commutator before shop test, it is neces-
sary to putt the commutator in the best possible shape for such
test wVit tlhe1Hn1erst;anlli that inl practise, after it is well
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seasoned, the losses will doubtless decrease materially. That
is one of the handicaps on the manufacturer.

Alexander Gray: Should that seasoning be done by the
manufacturer or should that seasoning be done by the purchaser?
If we adopt certain standard frictioin coefficiencies, then it will
have to be done by the purchaser. If we do not adopt these
standards, the manufacturer will be at liberty to get his com-
mutator into any kind of shape he likes, and we will test it
when in that shape, and then the manufacturer will have to do
the tinkering to the machine. Most of us would be quite satisfied,
on an order of twenty machines, to get a test on one; to test all
of the twenty would be somewhat of a nuisance. We do not ex-
pect elaborate tests on small machines.

R. B. Treat: The efficiency of direct-current machines will
in the majority of cases be found to meet the specifications at
the time of factory tests. Whatever reduction of brush friction
occurs on the commutator after erection accrues to the advant-
age of the customer.
Commutator seasoning time may vary all the way from zero to

six weeks or more, but the manufacturer's brush friction figures
are usually based on results he can obtain in factory test.
One disturbing feature of brush tests on collector rings is the

chattering. This often results from a slip ring loosening when it
becomes warmed up. Some recent tests were conducted with
taper shaft and ring fitted with a follow-up spring.
Many cases of very rapid brush wear were cured by the substi-

tution of rings that could not become loose, even where the original
ring could not be declared " loose " by hand examination.
Brush friction probably decreases as the current increases.

The general result of many tests indicates this conclusion.
W. F. Dawson: I would suggest in explanation of Professor

Gray's trouble with brush chattering that the trailing angle was
incorrect and that a reduction in such angle would have stopped
the chattering. The increased friction coefficient observed was
probably due to the brush surface picking copper.

Alexander Gray: I am personally doubtful about a
leading brush not chattering so much. My experience has been
largely with machines having trailing brushes, and if these are
rotated in the opposite direction the brushes will generally
chatter.

B. A. Behrend: As Mr. Lamme has stated, there are so
many mysterious factors about the commutator and the brushes
and in the operation of commutators, that he has no hesitation
in frankly saying so. Professor Gray, who has had wide experi-
ence in the operation and design of direct-current machines, has
come to the same conclusion.

I do not think it is possible to adopt a specific brush angle.
We have to run at all commutator speeds up to 8000 ft. These
angles have to be adjusted, and it is often necessary to undercut
the mica on some commutators; in other words, every possible
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and suitable means must be resorted to in order to make the
commutator run true and to eliminate the chattering of brushes.
Chattering of brushes is due'to some sort of harmonic disturb-
ance, and it becomes cumulative at certain speeds and under
certain conditions. The disturbing periodic force can occasion-
ally be eliminated, and though the natural period of vibration
remains, the external cause of chattering having been eliminated,
the chattering has been stopped.
Under these conditions it seems to me it would be folly, as

we are interested here in the subject of standardization, to lay
down rules as to the coefficient of friction, as to the angle of
the brushes, and as to a great many of these things which the
manufacturer himself does not know anything about as yet. I
was once talking to the chief draftsman of one of our large
manufacturing companies, and I asked him if he had any stand-
ards. He said, " Why, Mr. Behrend, we have thousands of
them." We are going to have thousands of standards if we have
to lay down such rules at the present time, because we do not
know enough about these things. Every day the field changes.
The commutator of to-day is a very different piece of apparatus
from what it was ten years ago.

F. D. Newbury: I believe Mr. Gray has been the only
speaker who has kept to the point at issue in the discussion of
the brush loss papers. The work before the Standards Com-
mittee, a4s Mr. Gray said, is determining how to measure brush
losses and not how to operate machines.

In regard to brush friction, I do not believe that this measure-
ment presents a very difficult problem, not so difficult as the
determination of the other brush losses touched on by Mr. Wilson,
losses of commutation, voltage drop, etc. Brush friction can
be measured directly on the machine at the time the machine is
on test at the manufacturer's plant. If such determinations do
not fall within reasonable average values, it means one of two
things; that the manufacturer must go to the expense of putting
the commutator in first-class shape, which not only means
seasoning so that there are no high bars or high mica, but running
the machines a sufficiently long time to secure the dark brown
glaze every one likes to see on a commutator; or that the cus-
tomer accepts such average values, appreciating the fact that the
commutator on shop test is not in the best condition. In the
case of other brush losses, involving voltage drop, I believe we
will be forced to an assumption of average drop per brush, or
some such method as will be discussed tonight in determining
additional losses.

L. E. Underwood: Regarding the running of brushes trailing,
I am inclined to think that it is possible to run them trailing
with success at slightly greater angles than 15 deg., possibly
at 20 deg. or even 25 deg., although that depends a great deal
upon the speed and condition of the commutator.
As for running the brushes leading, it is undoubtedly true
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that for different speeds of colmmnutator it is necessary, in order
to get best results, to run a leading brush at different angles.
That being the case, the practical ap)plication. of leading bruslh
holders on the same mvachinie which is used for various and
sundry speeds, seems to bc quite a )roblemn. I do not see exactly
how the problemn will be solved.

T. M. McNiece (by letter): The determination of brush losses
is exceedingly difficult under any conditions. The actual values
or results secured by tests are greatly influenced by the state of
the surfaces of the sliding contacts. The duplication of these
surface conditions on brushes and commutators is exceedingly
difficult and it is a problem to determine whether or not these
factors are sufficiently alike in successive tests to warrant definite
conclusions.

In the paper by Messrs. Erben and Freeman, attention has
been called to the effect on friction of various angles of inclina-
tion between the brushes and the commutator. In connection
with this, a formula is given for calculating the watts lost through
brush friction, and this formula is applied to a specific case.
Some question may be raised in regard to the accuracy of

this formula. The effect of varying the angle of inclination of
the brush with respect to the commutator may be well illustrated
by the use of a force diagram. With holders of the box type,
four forces may be said to be acting upon the brushes: (1) the
pressure, P, applied to the brush in the directiDn of its axis;
(2) the frictional force, W, at the brush contact, acting in the
direction of rotation; (3) the normal pressure, N, between
the brush and commutator; (4) the reaction H, of the brush
holder. The line of application of this force is normal to the
sides of brush and holder. The amount and direction of P
and the direction of W are known and the amount of W deter-
mined by the test as made. The angle B is the angle between
the brush and the normal to the commutator at the point of
intersection betweeln the axis of brush and the circumference
of commutator.

If a force diagram be nowv constructed it will be seen that

N=- -+WtanBcos B

The formula in this form applies to those cases in which the
brush is trailing. When the brush is leading the formula be-
comes

N c - W tanBcos B

The coefficient of friction may then be calculated from the

formula F = N, where F is the coefficient of friction.
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Substituting in this equationi the values of N, for both trailing
and leading brushes, we find that

W = FP
sin A - F cos A

for trailing brushes and

W_ FP
sin A + F cos A

for leading brushes, where A is the angle between the brush and
the tangent to the commutator at the point of intersection of the
axis of the brush with the commutator.
When the brush is trailing, the normal pressure is found to be

composed not only of the projection of the applied pressure, P,
but also of the added projection of the reaction, H, of the brush
holder. The forces, P and F, combine to make H of considerable
moment in the trailing brush. The normal component of this
latter force may be sufficiently great to hold a brush on the under
side of the commutator without any spring tension and against
its own weight.
The cause of the greater friction in the trailing brush may be

said to lie in the greatly augmented normal pressure on account
of this wedge action of the brush between the holder and the
commutator. As indicated in the formula

FPW sin A-F cos A

for trailing brushes, there is a certain value of the angle A for
each value of F, where theoretically W becomes equal to in-
finity. This is at the point where the tangent of the angle A
is equal to F and the reaction, N, at this instant is infinitely
great. Before this point is reached the holder or brush would
yield, or the braking action would stop the rotation of the com-
mutator.

In the leading brush,the action of the force W tends to decrease
the wedge action of the brush as well as to decrease the applied
pressure P. As a result of tlhis, the normal pressure is greatly
decreased, with a consequent reduction in frictioni. The formula
in the paper under discussion would therefore talke the form

P X FX VX 746
33000 (sin A + F cos A)

Sufficient work has not been done along these lines to enable
us to say how closely results may be expected to agree with
the tlleoretical formula, or what correction factors may have to
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be applied in order to make this equation of working value. A
later report will be made as soon as definite results are secured.

There is always a certain degree of eccentricity which may
cause a very slight rise and fall of the brushes in the holders
and it is possible that the slight friction between sides of the
holder and the brush may affect the results to some extent. The
clearance between brushes and holders may also exert some effect
on these quantities.
Another factor which would undoubtedly have a considerable

influence on this point is the rigidity of the holders, especially
when the brushes are trailing. The brush holders on a friction
testing' machine should be rigidly constructed and supported,
or they will have a great influence on chattering, which will
seriously affect the frictional readings. A study of these con-
ditions leads to the conclusion that trailing brushes demand
much more rigid holders than leading brushes.

In view of the form taken by this formula, it is recommended
that the characteristic friction tests made on any grade of brushes
be made with the brushes in a radial position. The proper
friction at any angle can then be calculated from this formula.
This will simplify the tests very greatly.

L. R. Berkeley and E. H. Martindale (by letter): There is
one phenomenon which has not been mentioned in this paper
which is worthy of much investigation, namely the variation
of friction with different current densities. The accompany-
ing figures are an average of the results obtained on four differ-
ent grades of carbon brushes, with comparatively high coefficient.

Amperes per sq. in. Coefficient of friction
0 0.81

20 0.59
40 0.41
60 0.34
80 0.30
100 0.27

These results were obtained on a copper slip ring at a pressure
of 2 lb. per sq. in. (70.4 grams per sq. cm.) and at a peripheral
speed of 1000 ft. (305 m.) per minute, with brushes set in a
radial position.
From the table it is seen that the coefficient of friction at

100 amperes per sq. in. (15.5 amperes per sq. cm.) is one-third as
great as when no current is passing through the brush. The
writers believe this may be due to a graphitization of carbon par-
ticles by the small electric arc which carries the current between
the brush and the commutator.

This phenomenon cannot be explained by change in tempera-
ture, as artificial heat will not produce the same effect, in fact,
heat usually tends to increase rather than decrease the friction.

After the current is shut off it requires from three to fifteen
mninutes for the friction to rise to the normal zero current value.
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T. M. McNiece (by letter): As stated by Mr. C. E. Wilson,
the contact drop losses are so intimately associated with others
which may be termed commutation losses, that their accurate
separation seems to be practically impossible at this time.

In practise the 12R loss at the brush contacts is often so
much greater than the loss which would be indicated by test on
a slip ring or short-circuited commutator at the rated current
density, that the tests may be said to give almost no indica-
tion of the loss to be expected at this point. It seems very proper
to separate such losses from the brush losses if possible, and since
they depend entirely on certain details of design and construc-
tion of the machines, the pure brush losses should be determined
and increased by a certain factor which might be termed a
commutating constant. This constant would be peculiar to
the type of machine upon which the brushes are to be used.

It seems advisable in making contact drop tests, to make all
standard tests lipon radial brushes. In view of the great changes
produced in the normal reaction between brush and commutator
by running the brushes at various angles, and since this normal
reaction also has great influence on contact drop, it would seem
that these effects might be determined by the use of suitable
constants.
The decreased friction secured by operating the brushes in a

leading position cannot be said to be a net gain, as it may be
assumed that under the decreased effective pressure, the contact
losses will be increased to a certain extent.
The variations introduced by running the brushes ab different

angles are merely those which would be produced by changes in
effective pressure and area.
From an analysis of the conditions accompanying the deter-

mination of brush losses, it seems that in friction losses as well
as voltage losses, the most satisfactory methods for securing these
results will be those in which the characteristic tests are applied
under the most simple conditions and the results of these stand-
ard tests modified by the application of factors to be determined
by the actual condition of operation. This system would resuit
in simpler and more effective standardization of testing methods.
(c) GENERATORS, A-C. AND D-C.; AND (d) ERRORS OF TESTS
John L. Harper: There are statements in the paper by

Messrs. Foster and Knowlton which seem to warrant further
consideration, reference being made especially to the first para-
graph in the summary. The authors describe four methods of
determining losses, in each of which it will be noted a different
result was obtained.

These losses are measured for the purpose of determining the
efficiency of the generators. Now, if the efficiency of a generator
could be determined by the use of several different methods,
which under the same conditions gave different results, this one
generator at the same moment would have several different



620 DETERMINA TION OF LOSSES [Feb. 27

efficiencies, depending upon the method used for determining
the losses or upon the wording of the contract under which it
was furnished, or whether the designing engineer had been so
incorrect in his computation that it was necessary to boost the.
efficiency by a choice of methods.

It may be conceded that efficiency might vary with time or
conditions, and that errors of measurement of energy and losses
may exist. But it is undoubtedly true that a generator can have
only one efficiency at one time.

I therefore believe that the Standardization Rules should be
explicit and frank in the statement that the efficiency of an
apparatus is a fact, and not a variable result depending upon the
method of determination.
The gentleman who prepared the articles on efficiency in the

old rules probably never intended that a manufacturer should
claim the approval of these rules, in requiring a purchaser to
accept and pay for apparatus as meeting efficiency requirements
when such so-called efficiency determination was based on the
shop measurement of certain segregated losses; when this same
apparatus after being set up and tested by a method closely
resembling the " circulating energy " method (mentioned in the
paper as the most correct of the determinations), was shown to
have additional losses which brought the efficiency down to
about 3 per cent below the specifications.
As one of that part of the membership of the Institute which

is not connected with the manufacturing interests, it is not my
desire to put forward such methods of measurement of efficiency
as will cause undue or unnecessary expense to the manufacturer,
thereby increasing over-all expense which is added to prices
which customers must pay; and it is far from my intent to
assume that it would be right or proper to require small and
stock apparatus to be sold under any special efficiency require-
ments.

It is only my desire to ask that, in the further consideration
now being given the Standardization Rules, the word efficiency
be considered to mean true efficiency; and that the Institute give its
approval, for the purpose of determining efficiency, only to such
methods as measure all the loss (within the limits of correctness
of measuring instruments), and also such methods as represent
a minimum probable error; and that any other commercial
methods be accepted only as approximates of efficiency, and
be approved only on that basis. What I want to bring out is
that methods in which all the losses are not determined should
not be used for efficiencies, but should be used in determining
commercial approximations of efficiency which are approved
on this basis. Therefore, in my opinion the drafters of the new
rules should make clear what is intended by the term efficiency,
and then so generalize the methods of determining the losses
that facts cannot be evaded, and still full leeway may be ob-
tained for the adoption and use from time to time of more
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correct methods of determining all the losses in electrical appar-
atus.

It is ulnfortunate that the classes of apparatus chiosen by
Messrs. Foster and Knowlton- for these determinaim.btions are such
that the difference in the losses determiined by the segregated
loss mnethod and the " circulating energy " method appears to
be slight, for in my own experience, gotten in the Niagara
Falls district in connection with apparatus from the smallest to
the largest sizes, it has come under my observation that in
certain classes of machinery a difference of two or three per
cent may be found in the losses as determined by the manufactur-
ers according to the segregated loss method, and those found after
erection, by methods which measure all the losses with minimum
error and of the general form called " circulating energy
methods in the experiments of the above authors.

In general, in small apparatus the exact determination of
efficiency is of little interest to the purchaser. In the larger,
and often the special apparatus used in the Niagara vicinity,
exact determination of efficiency is of vitai importance, often
representing the payment or non-payment of hundreds of
thousands of dollars, and it is hoped that the Institute will not
approve such methods of determining losses that the purchasers
of this class of apparatus will be obliged to oppose the standards
approved by the Institute, but may rather be assisted by them
in obtaining correct efficiency determinations of any of their
electrical apparatus.
Leo Schuler: In the German Standards Committee we

have recently discussed very carefully the question of what we
call " additional losses." We have tried to get some method
for taking these losses into consideration, but so far we have
failed. We have considered the proposition contained in your
present rules, which takes one-third of the short-circuit loss,
but this, I understand, is only intended for synchronous alterna-
tors. You do not give any hint how to check additional losses,
in the case of direct-current machines or induction motors.

I have looked forward with great interest to what is to be
said about this question here, but as far as I can see, it will be
very difficult indeed for the Standards Committee to condense
these papers into certain rules to be applied to all kinds of
machinery, and I should strongly advise you, if you do not arrive
at a very definite method of doing it, and I do not think you will,
to leave the additional losses out altogether and do as we have
decided to do, that is, call the efficiency measured by the sep-
arate loss method the " conventional efficiency " or something
of that kind, an efficiency which is somewhat lower than the
real efficiency, but you do not know how much lower it is. This
proposition is not very good, but I think it will be the best you
can do.

R. E. Hellmund: I wish to make a few remarks about the
paper on " Losses in Commutating Machines," especially
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referring to direct-current machines. The hope is expressed in
this paper that it will be possible to get a constant percentage
which should be added to the I2R losses in order to take into
account the stray losses. This, of course, would get the average
efficiency slightly more correct, but it certainly would not show
the merits of the various rnachines. The reason for this is
that the stray losses are very numerous in direct-current
machines, in fact in all comlmiutator machines.

In the paper referred to, the authors mention only the com-
mutation losses and the loss due to flux distortion. These are
some of the most important losses, but there are a large number
of others, which in some motors may be rather large. We have first
the regular iron core losses, which, of course, are little influenced
by the distortion, but even these may be somewhat influenced
by the interpole flux which exists only at load. The same is
true with regard to the core losses in the teeth. Here, as the
paper mentions, the distortion of the main field is of importance,
but the interpole flux may also add some losses at load. Further,
there may be some extra losses in the surface of the interpoles,
which are due to the fluctuations caused by the passing of the
armature teeth. Then we have similar losses in the surface of
the main poles, which also change with the distortion.

Further, if the relation of the teeth to the pole face has certain
proportions, the total reluctance of the magnetic path changes,
and this, of course, will tend to set up fluctuations in the main
flux which in turn will set up eddy currents in the frame casting,
as well as in the short-circuited coils under the brushes; this,
of course, again means losses. It has also been shown that
considerable losses may occur in the commutator bars, and
with very heavy currents and heavy bars this loss may be appre-
ciable in some machines.

Finally, we have some losses which seem to me rather
important, and which exist even with ideal commutation. The
paper mentions that commutation losses exist if the commutation
is not perfect. These losses are important, but even if the
commutation is perfect, the current direction in the armature
changes; in other words, the current in the armature conductor
is alternating current, and we know very well that in alternating
machines, with heavy conductors, the losses in the conductors
are rather large. There is no reason why we should not have
the same losses in the armature conductors of direct-current
machines. These losses are due to the fact that the current
sets up fluxes across the slot and these fluxes reverse when the
coil passes the commutator zone, thereby inducing voltage
and consequent eddy currents. Then we have certain losses in
the armature conductors under the pole tips, in case the satura-
tion in the teeth is very high. This is due to the fact that the
reluctance of the teeth just under the pole is very high, while the
reluctance of the teeth next to the pole, with small saturation, is
rather low. The difference will cause a certain flux to pass
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across the slot, and since this is a changing flux there will be
eddy losses. These losses were mentioned this morning. Finally
we have the losses in the bands and coils.

It can be seen, with such a variation of losses, that it would be
hardly fair to assume that the stray losses are similar in all
machines, and I think that an attempt should be made to get at
these losses separately. This, of course, can only be done by
building machines which have only one of these losses at a
time to any appreciable amount, and making tests along that
direction.

In connection with commutator machines, it seems important
for us to consider not only the direct-current commutator
machines, but also the single-phase and three-phase commutator
machines, for standardization. Some work along this line is
especially desirable, because certain losses cannot very readily
be tested in case of alternating-current motors, and in order to
avoid complications it is always good to have some rules as to how
they should be taken into account, when ideal methods of test-
ing are not known. While the influence of the field distortion in
the single-phase motor is usually not so important as in the
direct-current machine, we have other losses. For instance, we
have alternating current in all windings and consequent losses,
and also the conditions are rather complicated due to the fact thal
there is a main flux and a cross or transformer flux. Since it is
impossible to get a combination of the two fluxes as they actually
exist, without having the load on the machine, there is at the
present time no method of testing the core losses at all.
W. J. Foster: The two papers which I wish to discuss are

those by Messrs. Olin and Henderson and by Messrs. Foster and
Knowlton. The first contains diagrams showing connections of
machines that must be considered in connection with the second
paper, as that is not as complete as it should be. Now, reference
was made this afternoon to the " circulating energy " method
which was advocated by Messrs. Olin and Henderson, as a
safe, reliable and accurate method, and a practicable one, where
two identical alternating-current generators or motors are
available. By referring to their paper, you will find a diagram
given for connecting together two alternators for an input-output
test. It consists in placing the machines back to back, with a
coupling so arranged as to give an angle in one direction for one
machine, and in the other direction for the other machine, and so
that they will operate as generator and motor under certain
conditions of load and power factor, and any conditions of
load and power factor may be obtained by changing this adjust-
ment. There is a direct-connected motor, preferably a direct-
current motor, such as would be used in determining core losses
or the friction and windage. It is not necessary to have the
motor direct-connected, as it can just as well be belted.
The determination of load losses by this method, I have found,

by a number of tests, involves no more difficulty, and is just as
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accurate as the determination of windage or core losses by the
same method. The only objection that might be made to it,
possibly, is that one machine is operating as a generator and the
other as a motor, and we must assume that practically the same
effect is obtained in the motor as in the generator in the matter
of the additional losses due to the presence of the current in the
primary. In working up the results, the open-circuit core loss
in the generator is taken at the normal voltage, plus the IR
drop, and in the motor, the normal voltage minus the IR drop.
That method is compared by MIessrs. Foster and Knowlton as
to the results obtained with two or three other methods that
were tried. One of the other methods that the authors undertook
with considerable confidence that it would prove the practicable
one, was the no-load phase characteristic, for the reason that
when an alternator is running with a very weak field, or very
strong field, just so as to have full-load current in the armature
at the normal voltage, it seems probable that the same conditions
exist, as far as producing the stray load losses are concerned, as
under normal load. The trouble with that method is the meas-
urements which must be made by wattmeters, first with the
lagging current, and theln with the leading current, and that the
results must be compared with another value that is almost as
great, namely, that obtained at the minimum current input.
There are many little errors in the readings when you are reading
a comparatively large quantity, which may amount to a very
decided error when considered with reference to a small quantity
that is the difference of two large quantities. All such errors
are eliminated in the " circulating energy method."

This particular method of " circulating energy " must not
be confused with a form of operation in testing that consists
of coupling together two alternating-current generators or
motors in phase, supplying the necessary energy to run them
from a third generator, and obtaining the current desired by
adjustment of excitation. In this method we do not obtain the
correct conditions of potential, field excitation, etc., whereas
in the one I have just described all conditions are normal, and
there is just that one difference between the machines, that one
is a motor and the other a generator.
The authors have given a great many data, these data having

been available and having been selected out of a great mass of
data of tests made on lmachines extending back for fifteen years.
We do not have data available on this new mnethod, because it has
not been in use. The data given in these tables were available
because the Institute has had a rule that for what it has called
load losses, a short-circuited core loss should be de-teim1ined, and
one-third of that taken. By referrinig to these tables you will
see that in some cases the second column under " core losses "

shows in certain cases the short-circuited core loss to be as great
as 1. 5 per cent of the full-load energy of the machine, and would
affect its efficiency 1. 5 per cent, and that in certain cases the
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short-circuit core loss is greater than the I2R loss, and in certain
other cases greater than the open-circuited core loss, and in
some greater than either; but by taking one-third of that, it
will reduce the efficiency from one-quarter to one-half per cent,
but you will also notice that the general average of all the
machines is rather low, something like one-half of one per cent;
and when we take one-third of that, it amounts to only one-sixth
of one per cent, so that the machines have not been badly pun-
ished in the past, you may say, where the efficiency has been
determined by taking into consideration one-third of the short-
circuited core loss.
The ilnput-output method was not tried on any one of these

three machines, but, in connection with other machines tests were
made by the input-output method, as has been referred to by
other speakers. Such tests involve great difficulty and do not
inspire confidence, since the tests obtained at different times by
different men give such widely different results; whereas, with the
" circulating energy " method, the results agree with one another
every time you make the test, as closely as they do in the open-
circuited core losses or determination of windage.
A speaker this afternoon referred to some of the machines

given in the tabulation, as having very low short-circuited loss,
and that it was unfortunate that machines had not been selected
that had high short-circuited loss. We feel the same way, but
there did not seem to be available any machine that had a high
short-circuited core loss, and, therefore, we ran one of these
machines single-phase, and greatly to our surprise, the loss
there loomed up large, as you will see by referring to Fig. 11 of
Foster and Knowlton's paper. Comparing Fig. 11 with Fig. 9,
which refers to the same machine, you see that the short-circuited
loss amounts to 3 per cent of the single-phase rating of the
machine; whereas, when operating three-phase, it amoulnts to a
little less than one-half per cent.
What we wish to suggest to the Standards Committee is that

they do not discard these short-circuited core losses until further
data are accumulated, as we think it probable that the entire
short-circuited core loss should be taken. Another evidence
that we have that the entire short-circuited core loss should be
taken is what we have obtained from the heating of the machines.
There are noow available a great many data on the enclosed type
of machines, not only steam turbine generators but water-wheel
generators. It is a comparatively easy matter to measure the
temperature rise of the air passing through the machine, when
it is operating under load; then run the machinie on open-circuit
at over-voltage at a point whlere the losses are equal to the com-
bined segregated losses as determined by the ordinary method.
The difference in the temperature rise of the ventilating air
under the two conditions is the measure of the load losses.

F. D. Newbury: The question before the meeting is not
whether all losses should be taken into account in determining
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the efficiency, but the best method of determining the true
efficiency. The operating engineer can have no legitimate
objection to any method that takes all losses into account,
whether that method is based on the determination of the
separate losses, or on the direct measurement of input and
output.

Mr. Robinson's paper shows the difficulty, if not the impossi-
bility, of obtaining an accurate, true efficiency by the direct
measurement of input and output, even in the most favorable
case, where both can be measured electrically. Even with his
well-known ability and unexampled facilities, the extra load
losses are very elusive. The load losses as shown in curves 1 and
3 depart markedly from the known law of their variation with
load. The reasons for this are well brought out in the paper by
Messrs. Chute and Bradshaw. One probable reason for the
obviously incorrect results shown in curve No. 3 is the unusually
high efficiency of this set. With a combined efficiency at full
load of 91.3 per cent by separate losses, the efficiencies of the
separate machines would have to be 97 per cent for the alternat-
ing-current motor and 94.5 per cent for each 500-kw. direct-
current generator. These are unusually high efficiencies for
machines of this class. The combined efficiency of 88. 7 per
cent in the 1000-kw., 250-volt set more nearly represents com-
mercial figures.

If the correctness of this statement be gralnted, then it follows
that more accurate efficiencies will be obtained from the separate
loss method (including all losses) than by the most careful
input-output tests.

Alternating-Current Machines. Three recommendations for
estimation of extra load losses are made:

1. That open-circuit core loss and calculated IPR loss be
increased by a factor 1. 1 to cover the extra load losses.

2. That the measured short-circuit load loss be taken as the
load loss.

3. That one-half measured short-circuit load loss be taken
as the load loss.
The relation between the load losses measured under short-

circuit conditions and those existing under actual load is too
complicated to permit any general statement to be made that
will apply to all generators. Consequently, it is very difficult
to make one rule apply to all machines. Load losses may be
roughly divided into three classes:

1. Increase in armature core loss due to change in flux dis-
tribution.

2. Eddy and hysteresis losses in adjacent metal parts due to
the stray field from armature current.

3. Eddy current loss in the copper conductors.
In generators having well-divided armature conductors and

small flux per pole (including all small generators and all engine
type generators) the load losses are, undoubtedly, mainly due to
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flux distortion. For example, the 150-kv-a., 900-rev. per min.
generator referred to by Olin and Henderson; the measured
load loss for one generator at full load was 0. 61 kw. and at 1w
load 1.55 kw. The measured short-circuit loss (including I2R
ldss) is 2.3 kw. at normal load amperes and 3.7 kw. at 14 normal
load amperes. The I2R loss calculated by Olin and Henderson
is 2.27 kw. at full load and 3.55 kw. at 14 load. The measured
short-circuit load loss is, therefore, practically zero at full load
and 0. 15 kw. at 14 load. The calculated 2R loss is based on an
assumed temperature which may or may not have existed during
the short-circuit test, as pointed out by Brainard. Comparing
the measured load losses at full load with the load losses at short
circuit, the actual load losses at full load are seen to be greatly
in excess of those at short circuit. The difference is, undoubtedly,
due to the increased tooth loss under load, due to armature reac-
tion. This same increase in measured load loss at full load over
the corresponding loss at short circuit is shown in the 110-kv-a.,
900-rev. per min. generator referred to by Foster and Knowlton.

In large medium-speed generators involving moderate flux per
pole, the load losses are probably due to flux distribution and to
increased stray field.

In high-speed steam and water turbine generators, the load
losses are a combination of all three classes.

Single-phase generators are in a class by themselves, due to the
pulsating armature field in distinction to the rotating armature
field existing in polyphase generators.

I believe that a combination of the correcting factor advocated
by Olin and Henderson and the direct measurement of load
losses at short circuit advocated by Foster and Knowlton will
be necessary. Moreover, different correcting factors will be
necessary for different frequencies and for single-phase gen-
erators. The correcting factor is undoubtedly nearer the truth
with small moderate-speed machines and low-speed engine
type machines. For large moderate-speed and all turbo-gen-
erators, the actual load losses are probably equal to the measured
losses at short circuit, judging from the data submitted by Foster
and Knowlton. For single-phase generators, obviously the
measured short-circuit losses are nearer the true load losses
than those obtained by a factor based on polyphase machines.
I agree with Mr. Foster that we should measure the load losses
directly by the " circulating power " method. That method,
however, is greatly limited by the fact that two dupli-
cate generators are necessary, and it is an expensive test to
make, so that it can only be used where the size of the machine
and importance of exact efficiency demands that care and expense
in the testing work. In spite of the complicated relation exist-
ing between actual load and short-circuit conditions, it is interest-
ing to note the close agreement between load losses calculated by
the two methods as presented by Mr. Knowlton in his discus-
sion. It is also interesting to note that the load losses by any
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method of calculation are small when expressed as per cent of
the machine output. In 25-cycle generators, the average is well
under one-half per cent, and in 60-cycle generators the average
is well under three-fourths per cent.

Direct- Current Machines. Comparing the Olin-Henderson
paper and the Erben-Page paper, the results are seen to be in
fairly close agreement for the 470-h.p., direct-current commuta-
ting pole motor in the former paper and the 500-kw., 720-rev.
per min. commutating pole generator in the latter paper. The
correction factor for the 470-h.p. motor is 1. 27 at full load, while
it is 1. 29 for the 500-kw. generator at full load; while at 14 load
the former is 1.37 for both machines. In both machines the
load losses are very closely proportional to the square of the
load.
The non-commutating pole machines follow an entirely dif-

ferent law in regard to the variation of load losses with load,
and the same constants cannot be applied to both classes of
machines, particularly at light load. Other factors undoubtedly
must be used for other classes of machinery.
To conclude:
1. Efficiency will be most accurately determined from the

separate measurement of losses, including the extra load losses.
2. The extra load losses may be determined in the case of all

machines by direct test when two duplicate machines are avail-
able and the importance of the matter warrants the testing
expense.

3. They may be determined approximately in synchronous
machines by established correcting factors and by the measure-
ments at short circuit. I agree with Mr. Foster that we should
not abandon the measurement at short circuit, because whether
that does or does not represent full-load conditions, it is certainly
a very good indication, and will detect faulty machines,
particularly when the extra load loss is an eddy loss in the copper,
which is a factor not always foreseen.

4. They may be determined approximately in commutating
machines by established correcting factors. Correcting factors
will vary with the ratio of no-load and full-load maximum induc-
tions, which may be approximately calculated. That difference
in the ratio is well brought out by the different conditions exist-
ing in constant-speed machines and variable-speed machines, and
the reason for the difference in the correcting factors which Mr.
Erben mentioned this afternoon.

5. The determination of additional load losses may be made
only within relatively wide limits without causing a variation in
efficiency greater than the minimum variation obtained with an
accurate input-output test.

E. F. Collins: To those who have not had long and close
contact with electrical testing, it may seem that input-output
methods are best to adhere to, and that all this discussion con-
cerning the stray load losses, brush friction, contact loss of
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brushes, etc., should cease. On the other hand, one who has
conducted many input-output tests knows that only by the
most careful arrangement can correct efficiencies be secured
through the use of this method. This includes the best of power
conditions, as regards its freedom from fluctuations, and skilled
men as observers. Sometimes as many as 20 observers are
required to obtain simultaneous observations in a single effi-
ciency test. In order to secure the same accuracy in efficiency
determinations very much less error in observations is allowable
than where losses alone are being observed directly. Many
sets of observations must be taken, so that the probable error
will be reasonable. The computation of these observations
requires the very greatest attention and diligence on the part
of the calculator on account of their multiplicity. Many meters
of precision must be used. Heavy currents usually associate
themselves with the method, especially in the larger units, and
much care and judgment must be exercised to protect against
unknown influence of stray fields. Thus one could continue to
enumerate, almost indefinitely, precautions which accompany a
successful determination of efficiency by input-output methods.
Many such sources of error do not exist in using no-load methods,
and where they do exist they do not influence final results to
the same extent.
Mr. Robinson has shown well by tables and curves what may

be done in determining efficiency by input-output methods. He
has indicated somewhat the price paid for his results, and this
price may be now and then justified. In general testing, however,
I think there is little justification for the input-output method.

It has been said this afternoon that if we are to get at the true
efficiency by segregated losses, we should include all losses.
I agree that we ought to have approved methods of test which will
allow of a determination of all losses, as well as a segregation of
of such losses when required. I believe that certain methods
exist and have been employed that do determine such losses,
at least for certain classes of apparatus, such as direct-current
rotating apparatus and alternating-current synchronous appara-
tus.
At the present time, standard methods exist for determining

core loss with brushes at electrical neutral. Measurement can
readily be made of bearing friction and windage, also brush
friction, at no-load. The PR loss of the armature and fields may
be readily and accurately figured for any load. The contact and
brush resistance may be calculated from the contact loss curves,
or it may be measured directly under operating conditions, as I
will indicate later. Having determined these losses by no-load
methods, the question naturally arises whether or not all the
load losses are accounted for.
A method which may be relied upon to answer this question

for alternating-current synchronous apparatus is the " circula-
ting energy" method described by Messrs. Foster and Knowlton.
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The objection to this method is that it involves two duplicate
machines. As to its accuracy, however, in accounting for all
losses, there is no doubt. It is, of course, desirable to have a
method which may be applied with the same accuracy to single
machines. Hence, the turning to a consideration of the short-
circuit core loss as compared to the stray load loss measured by
the circulating method.

I want to refer to the diagram given in Mr. Robinson's dis-
cussion, to illustrate that an equally efficient m-iethod has been
employed for direct determination of stray load losses in direct-
current machines. Incidental to this method of determining
stray losses, and in view of the discussion this afternoon of
brush losses, I want to point out to you that in this method
we have actually measured the brush contact I2R loss under
operating conditions, through the use of insulated brushes, as
shown. It may be of interest to say that a number of such deter-
minations have been made in this way and they agree closely with
standard curves of contact resistance loss that have been derived
from tests upon a dead commutator.

I want to call attention also to the fact that if a change in
brush friction occurs under load, this method takes account of it.
From such tests I have had indications of change of brush fric-
tion with current. Some of those discussing the subject this
afternoon held the opinion that this friction decreased with
current, others that it increased. I am sure from the tests I
have made that both are in a measure correct. In some cases
I have observed an increase with current, in others an indication
of a decrease with current.

It will no doubt require much investigation before practical
methods may be devised that will permit of ready use for deter-
mining stray load losses for all classes of apparatus. In the mean-
time, perhaps, the use of certain empirical constants may be
necessary in determining true efficiency by segregated loss
method. In that event, however, I believe that some such
direct method of measurement of these stray load losses should
be employed as a basis for the valve of such stray load losses, and
correcting factors, should identify them with the designs with
which they correspond.

B. G. Lamme: I wish to speak on the subject of load losses
from the standpoint of a designer, and not as a member of the
Standards Committee. Since I first looked over the Institute
rules, I have always objected to the methods given in these
rules for the determination of load losses, and also the method
for determining efficiency, as it was an approximation that did
not represent the facts closely enough to suit me.
Now, in comparing any of the methods of making tests for the

stray losses, we should not take good machines when making
such comparisons, because, in well-proportioned machines, the
extra losses may be relatively low. We should pick out machines
which we have reason to think have abnormal extra losses, and
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in that way we may find so large an extra loss that errors in the
determination are of smaller proportion.
For many years I have been concerned in the measurement

of load losses, and have frequently taken up the calculation of
them just to determine the possibilities for the application of
correcting factors, which would cover fairly accurately the extra
losses. Such calculation is a long and complicated process in
many cases, but when carefully carried out, I obtained some
astonishingly close results in those cases where I had reasonably
accurate data to compare with, but I will say that the accuracy
of these results was, in one way, very discouraging; for in some
cases, the larger items in these calculated extra losses were such
that they apparently bore no relation whatever to the measur-
able quantities; that is, the data we could obtain by any simple
direct measurement had no relation to the extra losses, and
therefore our separate measurement of losses gave no direct
quantitative indication of the value of these extra losses.

In a very well proportioned machine, I will venture to say
this that I can review the design of that machine, and I can
then estimate, off-hand, the load losses as closely as they would be
given by any of the methods suggested this evening. Still, these
methods may show closer, on individual items of extra loss, yet,
in my rough estimate, I would allow for some losses not touched
on at all by any of the methods proposed for approximnating the
extra losses. In taking any of these inethods of approximating
the losses, you nmay get results which look very good from the
general standpoint, but if you look at the results closely from
the design standpoint, you are likely to see something in them
that you know is inconsistent with the design-and that throws
doubt on the whole result.
Take the method of determining losses by short circuit.

In many machines there are extra losses due to saturation of
certain parts of the circuit, and these do not appear at all in the
short-circuit test, and therefore, in such cases, it is purely an
accident if the measured short-circuit loss happens to coincide
with the extra losses in the machine.

It looks to me as if all of these methods, including the input-
output, under commercial conditions, must be considered as
only rough approximations. I have seen a good deal of testing
done by the input-output method, and I have never been
satisfied with the results unless I knew beforehand what the
extra losses ought to be. I have seen tests repeated four or five
times until the results happened to give a value that everybody
agreed upon as being reasonably correct, but in fact, this par-
ticular result may not have been any closer than any of the others.
It seems to be largely a question of keeping up the testing until
everybody is satisfied or tired out. That is how much confidence
I have in it.
We must look at this input-output testing from two different

standpoints. The man who tests the machine from the instrument
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standpoint may have absolute confidence in the instruments
and in the men who make the tests for him, but the result
which he thinks is satisfactory or correct may appear to be
decidedly incorrect to the man who designs the machines, for
he may know that the stray losses indicated are inconsistent
with his design.

It is possible that some correction factor, even if an assumed
one, is better than to do away with any allowance for the extra
losses. The great trouble with the old rule of segregated losses
was that the engineering public knew that these did not represent
the total losses, and did not want to accept the resulting effi-
ciencies, because there was something left out. Now, the total
extra loss usually represents only a small value compared with
the measurable losses, and even if omitted, the error is ordinarily
rather small, although, in extreme cases or under very special
conditions, it may become quite appreciable. In some cases,
this omission of the load losses has been made up by the direct
assumption of a certain per cent reduction in the efficiency,
as, for instance, one per cent. Such assumption unquestionably
averages closer to the true restult than omitting the stray losses
altogether. But it seems to me that this is largely a commercial
consideration, and, from an engineering standpoint, all we can
do is to state what the ineasurable losses are, and then possibly
indicate roughly the total extra losses, but not make them the
subject of any guarantee, as we should not guarantee what we
cannot measure.
H. F. T. Erben: I wish to say a few words in relation to the

possibility of obtaining a correction factor which will be uni-
versally applicable to machines of a given type.

I note in Messrs. Olin and Henderson's paper that they recom-
mend certain correction factors, each of which will be applicable
to all machines of a certain class. For example, they have a
correction factor of 1 . 3 for direct-current generators and motors;
1. 1 for alternating-current generators and synchronous motors;
1. 1 for 60-cycle converters, and 1. 0 for 25-cycle synchronous
converters.
Our tests have shown that different correction factors must

be applied to various types of machines comprising a general
group, and these factors will vary very considerably. For
example, we have shown that the correction factor for a fully
compensated generator may be as low as 1. 2, for a commutating
pole generator about 1.3, and for a non-commutating pole gen-
erator it may be as high as 1. 5. Again, the correction factor
for variable-speed motors will be greater than for a constant-speed
motor, due to the distortion of the wave form.

There will also be a different correction factor for commu-
tating pole and non-commutating pole synchronous con-
verters and another correction factor for converters of the
synchronous booster commutating pole type. It is there-
fore evident, that if we intend to apply correction fac-
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tors wc must subdivide any given class of apparatus into its
various types in order that we may arrive at the true value of
the efficiency. Such a course of procedure miight lead to such a
multiplicity of correction factors that the whole scheme would
become unworkable. However, I aii niot saying tlis in any spirit
of discouragement, as I believe the various manufacturers should
continue tie tests which have been so ably carried out during
the past few months, and it might be advisable later on for the
Institute to appoint a sub-committee to formulate rules based
on all the available test data.

I fully believe that, in those cases in which it is impossible to
obtain accurate input-output tests, the efficiency should be
determined by following the segregated loss method in combina-
tion with a suitable correction factor.

B. A. Behrend: All of us who have listened to the thoughtful
remarks of Mr. Foster will, I think, be inclined to agree with him
absolutely in his statements and recommendations. As I
understand Mr. Foster, he desires to represent the full efficiency
in his tests, and he suggested for alternating-current generators,
of course, also for direct-current generators, the input-output
test, which was first suggested in 1885, by the late Dr. John
Hopkinson. The cost of that test is, however, frequently pro-
hibitive. On that account it is difficult to carry it out in the
power house or in the testing department. From time to time,
however, two generators happen to be on the same shaft, either
alternating-current generators, or direct-current generators,
and then such tests can be made in a very simple and accurate
manner, yielding very important data.

In applying these data to other cases, by using the experienced
designer's judgment, we can obtain fairly good ideas of the
actual efficiencies of machines, which can be used to form a
basis for guarantees, even though, perhaps, we know only the
individual losses. For example, if we have to guarantee a 25,000-
kw. turbo-generator, to operate at 1500 rev. per min., and we
have the data on a 10,000-kw. unit, it would not be difficult for
a man of Mr. Lammne's experience to make his estimates in such
a manner that he would secure fairly accurate results.
The advantage of the use of the short-circuit loss curve, I

think, is not to be underestimated. The use of one-third of the
total loss is arbitrary and absurd, as Mr. Lamme justly pointed
out. Whether or not we shall take the entire short-circuit loss
or whether we shall deduct from it the core loss, corresponding
to the open-circuit voltage, which corresponds to the short-cir-
cuit current, is a matter of judgment.

Mr. Erben's extremely interesting results have shown that in
order to coordinate the data on different types of machines it
will be necessary to use correction factors, " thousands of them,"
and we should be worse off at the end than we were at the begin-
ning.

If we should deduct the iron losses from the short-circuit core
losses, we would certainly get a more nearly accurate measure
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of the short-circuit losses than we should have if we included
the obvious iron loss in the amount that we use for the correction.
The philosophy, I believe, of this whole thing, comes right down
to this-that the further our experience carries us, the more we
doubt. Those of us who have been through the building of large
machines up to 25,000 kw., at very high speeds, appreciate the
fact that we continually learn. As Darwin said in the preface
to his great work, " The Descent of Man, " " It is more frequently
ignorance that begets confidence than does knowledge." It
will serve no good purpose to collect a number of utterly worth-
less correction factors. It is senseless to do it. You had better
take the data Mr. Schuler mentioned today, calculate conven-
tional efficiencies, and thus simplify your work. Conditions are
constantly changing. You all remember that ten years ago the
former Grand Central Station was completed. To-day that
station has disappeared, and a new one, which has taken its
place, has just been opened. Ten years ago the large 5000-kw.
generators which Mr. Lamme designed for the Manhattan
Railway in New York City were the leading machines of their
class. To-day they are thinking of replacing them with turbo-
generators. In ten years we have gone from 75 rev. at 5000 kw.
to 1500 rev. at 25,000 kw.

I want to point out again that you are standardizing the past.
Probably five years hence the facts will have ruthlessly wiped
away the whole cobweb of rules we are laying down here. Your
rules must be flexible, so that they can be applied to changing
conditions. I plead for this because I feel very keenly the ham-
pering influence of the old rules. It is a matter well worthy of
serious consideration, especially by designing engineers. I
know Mr. Lamme is in full accord with me. I do not like to
say that for him, because he can say it for himself. I am sure I
am in full accord with his ideas on the subject. It is extremely
dangerous to go too far. The problem before us consists in lay-
ing down a few general rules which will not handicap and hamper
the designing or consulting engineers. Make the rules general,
and prescribe methods of test. For example, say whether the
commutator should be seasoned at the factory ol outside. If
you do not want to say it should be seasoned at the factory,
say it should be seasoned outside of the factory; if you do not
want to say it should be seasoned outside of the factory, make
such provision as you think is proper, but it is most important
to do this, and to say what you want.
W. J. Foster: I want to say another word on the matter of

the short-circuited core loss. I should hate very much to see
correction factors adopted, one-quarter per cent, one-half per
cent, or any per cent, that would punish good machines to the
advantage of inferior machines. I should prefer to see the entire
short-circuited core loss taken, in order that we might proceed
at once to reduce these losses. It can be done in nearly every
case by better design, and that is what we all want.
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The use of 1 the short-circuit loss probably does not approxi-
mate the correct quantity that should be added. I think we
should take the whole loss, and possibly a little more, rather than
a little less. Mr. Behrend will excuse me for pointing out that,
unfortunately, the other scheme to which he referred would
result in boosting the efficiency of two-thirds of the commercial
machines at the present time, for the reason that the excitation
that is required to put the short-circuit current through, gives an
open circuit, a higher core loss than the entire short-circuited
loss on most machines, and, therefore, when you subtract it, you
get a negative value, and if you add that negative value to the
other losses, you will have your efficiency raised rather than
reduced.

B. A. Behrend: I meant to correct the exciting current for
the armature reaction. I did not want to go into that detail.
W. J. Foster: Just the reactive drop?
B. A. Behrend: Simply take the reactive drop. I took it

for granted that should be taken into consideration.
W. J. Foster: In line with Mr. Lamme's suggestion of

correcting the core loss, or the combined loss and IFR, I have
never succeeded in getting anything that was reasonable or that
fitted the case; I trust that some positive evidence will be
brought forward that the entire short-circuited core loss is the
wrong thing to take. We will probably have to wait until some
one has a pair of identical machines to test by the " circulating
energy" method, which we appear to agree on, and on those
same machines have the short-circuited test applied, and find
the case where the correction as determined by the short-
circuited loss is going to appear absurd when compared with the
actual stray load loss, and then we will have some direct evidence.
As stated before, I regret that the particular machines that

were available for use in Foster and Knowlton's tests all proved
to have small short-circuited losses, as polyphase machines,
but does it not seem significant that one of these has very large
short-circuit losses as a single-phase machine, and that these
losses agree very closely with the load losses as determined?
There have been a number of cases in the past with which I
have had to do, of single-phase machines, where changes were
made after the first tests, in order to reduce temperatures, in
connection with which the short-circuit losses were reduced.

Therefore, I consider that the evidence presented by the curves,
Figs. 9, 10 and 11, of the paper by Foster and Knowlton, should
be taken up and carefully considered by the Standards Com-
mittee, and something in the way of positive evidence to con-
demn them should be obtained before they are rejected entirely.
James Burke: The papers under discussion and the corrective

factors introduced should not, perhaps, apply only to the
machines, but also to the instrtulnents and to the men, and I
think that these tests show that instrument designing is in the
same high class as dynamo andi motor designing, they show such
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close agreement with what might be expected from- dynamo and
motor tests.

It seems to me that the function of the Standards Committee is
to standardize and not to average. The suggestions throughout
these papers for corrective factors is to average these factors,
and that eliminates the individuality of the designing. Now, it is
quite possible, and I think most designers will agree on this
point, to have negative corrective factors. For example, if we
take a direct-current generator and shape the pole pieces with
varying air gap so that the distribution of flux is approximately a
sine wave under load, which would be quite different free, then our
load core losses are less than our free core losses. That is not only
a theory, but I have proved that by tests. I know that some
European machines have been built that way, in which the
air gap is so proportioned that the influence of the armature
reaction is such as to produce very nearly a sine wave under
load. Now, if a designer introduces such a feature as that, that
is a negative corrective factor, he gets no credit for it, and his
individuality is renmo-ved as soon as the Standards Committee
averages these factors. The question of compensated machines,
the difference between the 60 per cent compensated mnachine,
which Mr. Erben has referred to, and the 100 per cent com-
pensated machine, would have to be taken into consideration
by the Standards Committee, or the punishment due to the
average law would apply. In the compensated machine we may
have large corrective factors, depending on the distribution of
the compensating conductors. If you have two or three compen-
sating conductors per pole, you probably will have quite a dif-
ferent increase in loss under load than when you have a larger
number.
To do any good, to get any reasonable consideration for cor-

rective factors, the Standards Committee would have to tabulate
on the alternating-current end of motor-generators a great many
construction details, whether the slots are closed, or open, or
partly closed, the depth of conductors, many factors of that
kind, to determine the corrective factors for the alternating-
current end, and similar treatment on the direct-current end.
Then you would have to introduce factors covering the way that
the brush losses were determined-I think we have heard this
afternoon that there are a good many different theories on brush
losses and different opinions as to the amount of brush losses.
Now when it is all finished, all that we have accomplished is the
recognition that there may be, and it is to be expected that there
will be, some corrective factors on account of loads, but I do
not think we have any idea as to how much they should be.
Personally, I have conducted a number of tests in which I have
found so little corrective factor that I couldlnot say I had found
any, anid in every case there lhas been a large (lif-ference. I am
makin,g a l)lea to a-v(oi(l the averaging of these corrective factors
an(lto leavesomneroomolf(-)r ind(lividual effort in telling(, the story
of 1l.&e ill(li \iilllalit-v of (11i1t&reit, tprf)eSo iacl lilln s.
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Charles P. Steinmetz: I can see a hard time ahead for Mr.
Lamnme and myself as members of the Sub-Committee on Revis-
ion when we attempt to designate the exact methods of deter-
mining the stray load losses so as to give the operating engineer
the exact and true efficiency which he wishes to have, and which
the input-output method, as I understand, is incapable of sup-
plying, and which you cannot get by considering the short-cir-
cuited core loss, or open-circuited core loss, or any other thing,
except by using correction factors, and as many different cor-
rection factors as you build machines. Our only hope is that we
shall be assisted by the engineers who are now interested in the
stray losses, by constructive criticism; that is, when we have
drafted a tentative rule we shall submit it to them, and in case
of their disagreeing with us in our first attempt, we hope they
will send us material for the formulation of a better rule.

In regard to the short-circuit core loss, as shown in the diagram
which Mr. Behrend discussed, I wish to say that 1 of the short-
circuit core loss was not a mere incident, and while at present
the data seem to show that the total short-circuit loss is more
correct, we must realize that when the rule was nmade we had
different machines to deal with. The single-phase low-speed
alternator was a very common machine then, also other types
of machines which we rarely see now, such as the inductor alter-
nator, where the field exciting winding was far away from the
armaturce, separated by solid magnetic material. In these
machines the pulsation of single-phase armature reaction reached
back throughout the entire field when you ran at the low den-
sities corresponding to the short-circuited core loss; while
at the rated voltage, especially in a highly saturated machine
such as the inductor alternator, the pulsation due to the single-
phase armature reaction is very much less, and we knew, if we
used the full short-circuit core loss, there could not be a loss of
any such magnitude because the machine would have burnt
out in less than no time, and therefore, especially since people
were rather horrified when we made the first test of that char-
acter, and found these apparently enormous losses, we had to
play safe and use a value which we knew was less than the
p)robable true value. However, we were proceeding in the right
direction to the extent that instead of neglecting the short-
circuit loss altogether, we at least took in a part of it.
Now, tlhe short-circuit loss undoubtedly gives some indicatioln.

The residual loss after d3educting the armature I2R loss and the
iron loss correspondinig to the ap)proximate magnetic density
under short-circuit tests, affords an excellent criterion as to the
extent of the stray losses at full load. Even if in some cases it
leads to ascribing to the machine an efficiency lower than is
actually obtained, nevertheless the general adoption of the plan
of taking this residual short-circuit loss as a measure of the stray
loss at full load, would provide designers withm a criterion wlhich
wo1l1(l lea(l to dlesig11S of im})r(l qualitv.
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E. M. Olin: Although Mr. Robinson, in drawing his con-
clusions, in his paper, states that the input-output method of
measuring efficiency is " one that can be considered only in
connection with special investigations " and " as a check method
for demonstrating the reliability of other methods better suited
to commercial needs," it is a fact, I think, that a reading of this
paper would lead the average engineer, inexperienced in this
class of work, to believe that this method is perfectly simple
and thoroughly reliable for measuring the efficiency of rotating
electric machines. Such a conclusion is so at variance with the
experiences of the writer and a number of engineers with whom
he has been associated, extending over a number of years, that
it seems advisable to point out a few contributing factors not
taken into account by Mr. Robinson.

In propounding the mathematical theory which deals with
"indeterminate errors " and the average deviation of the mean
reading from the true value, for the purpose of illustration,
use is often made of an example like the following: A skilled
marksman fires a thousand shots at a target under conditions
as nearly alike as possible. Experience shows that the shots
will be distributed in a manner which at first sight seems entirely
irregular, but which, on more careful examination, will be found
to be approximately in conformity with a perfectly definite law,
the law of chance. The plus and minus deviations of the shots
from lines drawn at right angles through the center of the target
are about equally frequent, and small deviations occur with
much greater frequency than large ones.

It can be shown mathematically that there is a certain definite
curve, representing the law of chance, whose equation can be
expressed in symbols, and that the average deviation of the mean
is as shown by Mr. Robinson.
Now, in this example of the marksman firing at a target

which I have just cited, it should be borne in mind that the
target is fixed,not swinging.

In input-output tests the mark at which we are firing is the
true value of efficiency. However, the true value of efficiency
is the ratio of the output as deterimined from measuring instru-
ments in the output side to the input as determined from certain
other measuring instruments in the input side. In other words,
during our observations we have two targets and two marksmen
or sets of marksmen.
Now if the output is constant for all readings, the target

remains fixed, and it would be correct to figure the input and
output separately according to Mr. Robinson's method but not
the efficiency direct from each observation or set of observations.

In the tests described, however, the output is not constant.
In Table II, the output ranges fromii 47() kw. to 512 kw., a varia-
tion of some 40 kw. Tl'he target at which the marksmeni are
firing, then, instead of being fixed, is swinging.
Now the instrurnents used in the incoming cirecuits of motor-
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generators, such as are covered by Mr. Robinson in these data, do
not swing synchronously with those in the outgoing circuits,
due to the different types of damping used in the various in-
struments, the intro(luction of series tralnsformers, etc. This
introduces another coml)lication in figuring tests such as de-
scribed in this paper. The target which should be fixed is not
only swinging, but swinging along an irregular curve with a
varying time constant. Obviously, the problem is not quite
so simple as one might be led to believe from glancing over
this paper. It is undoubtedly true, as stated by Mr. Robinson,
that certain of the no-load losses may change during the progress
of the input-output tests. These should be measured carefully
by the separate loss method and due allowance made, when com-
puting efficiency, for such changes, and average values should
be used for such factors as frictional losses in brushes and bearings
and brush contact losses.

L. T. Robinson: I am willing to admit the extreme difficulty
of satisfactory input-output testing, but not its impossibility.
Mr. Newbury said that the test results obtained were not right
because they departed from well-known laws. We have been
all day yesterday and today discussing these well-known laws
and there appears to be no definite understanding of them on
which definite criticism of the results obtained could be based.
With regard to the shooting at the swinging target, I cannot

see that this has any bearing, so long as the individual observa-
tions of the output are not far enough apart, so that the efficiency
line that joins them does not depart substantially from a straight
line. I do not recommend these methods for practical tests. I
think that an impartial examination of the evidence presented will
indicate that the results are correct within the limits stated.
If you cannot look at it that with the input-output test we prove
that the circulating loss tests are right, perhaps you will look
at it the other way, and say that the circulating loss tests prove
the input-output tests are right, because we got the same an-
swer by both methods. After a full appreciation of the varia-
bility of the brush friction, etc., came to my notice, we made
some more tests, and every point comes within the degree of
precision claimed, and beyond which I did not care to go.
As to the No. 3 test in the paper, I think I made it quite

clear that that was not very good, and I think the reasons
given were quite sufficient. In a machine in which the brush
friction is about one to 1.5 per cent of the total output, and with
the statements this afternoon, by presumably competent ob-
servers, that brush friction varies 300 per cent, why is it any
fault of the method or the test if the points do not fall all within
the belt? I submit that the evidence is sufficient to establish
all the claims made.

C. J. Fechheimer: In the paper by Messrs. Foster and
Knowlton, on the last page they state " The phase characteristic
method is faulty, due to the difficulty of obtaining accurate
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wattmneter readings at the low power factors." If we have a
three-phase circuit and use single-phase wattmeters and the power
factor is less than 20 per cenit, both wattimneters will indicIte
high values, althougTh one wattmeter wvill rea(l. niegative. The
tine power is the differelce betweel the two wattmneter
readings. Both wattmeters rea(l witlh considerable acccuracy
and the only inherent errors wlich are introduced are those due
to observation, and the difficulty in obtaining with accuracy the
difference between two nearly equal quantities. However, the
error that we usually think of in connection with single-phase
wattmeters when connected to low power factor circuits does
not apply to the three-phase case with the standard two single-
phase wattmeter method, because a single-phase wattmneter
reads inaccurately when the current and electromotive force
are nearly in quadrature, and this condition obtains when the
power factor of the three-phase circuit is not far from 50 per
cent.

It is our opinion that the phase characteristic method is the
most accurate one for measuring the losses within the machine,
with possibly the exception of the circulating energy method.
This latter, however, can be used so seldom that we must resort
to some other means, and usually the phase characteristic meth-
od can more frequently be employed, with the equipments in most
test departments in manufacturing companies.

In regard to the modified segregated loss method, we believe
that all of the short-circuit losses should be included instead of
one-third of the short-circuit losses, and that the core loss should
be taken at the internal vToltage as given by the terminal voltage
plus the impedance drop taken in the proper phase relations.
The reactance of the armature winding may be measured with
the rotor removed, the current being circulated at normal fre-
quelncy in only one of the phases. The reactance thus de-
termined may then be used for computing the internal voltage.

B. A. Behrend: In the papers that are before us the difficulty
of measuring the power in watts or kilowatts has never been dis-
cussed. This is rather surprising. Mr. Robinson will appreciate
the immense difficulty of obtaining correct wattmeter readings.
I remember in the early days it used to be one of the most diffi-
cult problems, and the new instruments have by no means
solved it. Even the best instruments for the purpose are in-
fluenced by the proximity of large currents circulating in cables
and by magnetic fields which exist almost everywhere in the
shops. Let us take a simple case, and endeavor to determine the
power factor of an induction motor at differenit loads. I have
had experience in that direction, andl I have had working with
me some of the learned professors of our great universities, and
have found it necessary to correct power factors of 101 and 102
per cent, to harmonize them with reasonable facts. It is so
important a matter that I believe it should not be omitted
in our consideration of this complex subject.
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I want to say that in a number of cases of high-tension cir-
cuits, I have found that the power factor of an induction motor
was extremely low, due to the peculiar condenser effects in the
shunt windings of the wattmeters. It is an effect which it is
very hard to eliminate and very hard to correct. At low
power factors this effect is tremendous. Of course, it can
be corrected in the well-known academic way, if we care to
pile assumption on assumption. This is a matter of im-
portance. Mr. Robinson might give us his views of the ac-
curacy of wattmeters and their use in alternating-current circuits
in power houses and on the testing floor. I have personally no
faith in them, and I am just as willing to take the no-load
current of the induction motor and use the simple circle
diagram developed by me in 1896, when stimulated by the
difficulty of harmonizing the results of wattmeter measurements
with the likely facts, in order to get an idea of the power factor.

L. T. Robinson: You may be interested in my views on what
accuracy we can obtain with wattmeters in commercial testing.
First we will take the wattmeter as it is, and then we will see
how much influence the testing floor has on it. We can build
wattmeters, and they are constructed and obtainable com-
mercially, that will measure, with power factors down to 10 per
cent, within about 2 per cent of the correct value. That 2
per cent is largely correctable. This refers, of course, to single-
phase operation. But you can, I think, get the best results
when you want a really close measurement on three-phase
circuits at low power factor, by using three instruments, so that
you do not have the trouble that you have in subtracting one
reading from another, which, of course, when they are pretty
near alike, is bound to introduce large errors. You can choose
instruments that will go over the scale, perhaps with one-third
of the product of the rated volts and amperes of the circuits,
and use three, and get very good results. When you introduce
larger quantities for volts and amperes you must, of necessity,
employ instrument transformers. Now, the phase angle be-
tween the secondary current and the primary current in the
current transformers is determined within, perhaps, three to
five minutes of the equivalent angle, which again brings you
substantially within the limits spoken of for the wattmeter
alone. The total magnitude of that phase difference can be
kept small enough so that correction is reliable.
With regard to the potential transformer, it is possible, prac-

tically, in ordinary work, to eliminate them altogether, because
the usual transformer is so constructed that, with non-inductive
load, at certain loads the phase displacement between primary
and secondary voltages is zero, and you have only to find out
what that load is and put it on in addition to the wattmeter po-
tential coil to bring the angle to zero, and use it that way.
How far that can be applied to the testing floor, I do not know.
You have things to deal with there that are difficult to handle.
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The difficulty is not great if you can retain the people perma-
nently who have been shown how to do the work. I wvill admit
the trouble in doing such work commercially, but when the
real necessity for it arises, I do not think the instruments or
the method will be found wanting.

B. A. Behrend: The disturbing effect in the neighborhoodl
of the wattmeter is because the wattimleter is so apt to be in-
flnienced.

L. T. Robinson: I feel sure that the instrutments to which
I refer are entirely free fronm those disturbing effects.

Carl J. Fechheimer: I always understood that the wattmeter
was incorrect, and the current in the measured coil is almost
in quadrature with the current in the corresponding coil.
That only occurs at 50 per cent power factor, or approximately

50 per cent power factor.
L. T. Robinson: It does not occur at 50 per cent power

factor when you use three instruments. The power factor
on each instrumelnt is the power factor of the whole circuit.

Carl J. Fechheimer: Will you have correct results on your
two instruments when one wattmeter reads a negative value
and the other reads a positive value?

L. T. Robinson: Incorrect, in comparison with the results
obtained with three instrumnents.

Carl J. Fechheimer: Why?
L. T. Robinson: You are substracting one thing from another

thing, to which it is very nearly equal, and a very small inaccuracy
in the wattmeter becomes a large part of the difference which
is shown.

Carl J. Fechheimer: Each wattmneter will read fairly cor-
rectly?

L. T. Robinson: Yes.
C. A. Adams: I will answer one part of Mr. Fechheimer's

question. In the case of the two wattmeters three-phase power
measurement with nearly 50 per cent power factor, where one
wattmeter reads zero, or very nearly zero, the per cent error of
the low reading wattmeter may be very large but the actual nu-
merical error of the total measurement is exceedingly small, and
quite as small as when both wattmetters read high.
James Burke: If I may be permitted to make a suggestion

to the Standards Committee, it is that in preparing new rules,
they should not overlook the introduction of the necessary
rules for the correction of instruments when efficiency tests
are made by input-output methods. We have heard quite
a little on that this evening, and I think it is very important,
since input-output methods do come up occasionally, thatthe
Standards Committee tell us how to introduce corrections on
wattmeters and on various other instruments that come into
use, and also to correct for the nature of the voltage supplied;
whether pure sine wave or a wave that has some other compli-
cations in it. I think that is going to be quite important, be-
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cause, otherwise, input-output methods will be relied upon,
without their proper correction factors, and it may be that the
correction factors for input-output methods would be as large
as on the summation of loss methods, and it is equally import-
ant not to overlook them.

B. A. Behrend: Mr. Burke's remarks should be endorsed
emphatically and heartily by ail of us. We must know how to
correct instruments. I have never been able to get accurate
readings in a testing department because of the effect of large
magnetic fields around the instrument. You cannot shut down
a large manufacturing plant, employing twenty thousand men,
for the sake of making one test. Night testing and Sunday
testing are equally unsatisfactory for other reasons. I want
to know if wattmeters can be obtained commercially which are
not readily influenced by outside currents and powerful magnetic
fields.

L. T. Robinson: Yes.
J. L. Harper: We have heard a great deal of discussion as

to corrective factors, and my remarks this afternoon have been
referred to by Mr. Newbury as not being pertinent to the
discussion, but as I understand it, the necessity for determining
all these losses is for the purpose of arriving at efficiency. I do
not wish to have it considered that any remarks of mine had
reference to any special method of test, or to any test; I merely
desired to protect true efficiency from the corruption of a com-
mercial understanding of efficiency; and instead of applying
so many corrective factors to the losses, why not apply one cor-
rective factor to the efficiency?

Mr. Schuiler spoke of using the word " colnventional efficiency
in Germany-why not use " conventional " or " commercial "
efficiency for what inanufacturers are able to determine as effi-
ciency? You all seem to agree that you can determine certain
of these losses with fair accuracy. Why lnot decide upon these
losses and set them apart and let them be determined, and call
that a certain kind of efficiency, desiglnate it bv some kind of
qualifying term that will differentiate it from the true efficiency,
and eliminate the necessity for the use of these thousands of
corrective factors? That also may assist Dr. Steinmetz in solving
that very difficult problem of satisfying the operating engineer
in getting the true efficiency, which vou all seem to claim is a
physical impossibility. That inay be so at the present time, but
as time goes on the distance that separates the losses that
you are able to determine by the segregated loss method, from
all losses, I think will decrease, and there will come a time when
further characteristic losses will be added to the determinable
ones, and the difference between true efficieincy and " com-
mercial " or " conventional " efficiency mnav be decreased.
The present rules I believe to be inlconlsistenlt, in that they give
a fairly clear definition of efficiency, and then say that efficiency
may be determined by the measurement of the losses separately.
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You have made it very clear to me that it is a physical impos-
sibility to determine these losses separately. Therefore, this
efficiency which the rule purports to approve, is not a true
efficiency, but some qualifying efficiency which you may call
"conventional " or " commercial."

I merely wish to make the suggestion that by incorporating
this one corrective factor, (which may be + X) in the efficiency,
you make unnecessary all of these thousands of other corrective
factors, and thus simplify both the matters before you in dis-
cussing the losses, and also the work of the Standards Committee
in endeavoring to satisfy all parties.

E. I. Chute: It is very true, as Mr. Behrend and Mr. Robbins
brought out, that if we try to make constants to account for the
additional load losses for all types and sizes of apparatus we will
have constants as numerous as the sands of the sea. But
the case is not as bad as that. There are not very many opera-
ting or consulting engineers complaining about the smaller types
of apparatus; it is the larger types, where one per cent in effi-
ciency counts in dollars and cents. In these the constants can
be simmered down to comparatively few in number, as will
be noted in the summary to the paper by Messrs. Olin and
Henderson. It must not be thought that these constants are
absolute, nor do they need to be. No method of test now in use,
even with the help of the laws of chance and Mr. Robinson's
shaded belt, will assure us of the true efficiency of a machine,
within two or three tenths of one per cent. The additional load
loss, being small in proportion to the total losses of any machine,
may vary materially, often even 25 to 50 per cent, without af-
fecting the actual efficiency more than a quarter of one per cent,
so, even though the additional load losses may vary slightly in
the various types of the larger machines, a large number of them
may be bunched together under one classification. An average
constant for such a classification, applied as suggested, will
then give operating efficiencies as accurate as the average
engineer demands.
The average input-output test is not acceptable to either

the manufacturer or operator, and some other solution of the
problem of determining true efficiencies within reasonable limits
must be worked out. The sooner we make a start at it the
better.

Mr. Robinson's paper serves to bring out very nicely the
limitations of the input-output test, evenwhen taken under the
best conditions and the calculations made with all the refine-
ments of mathematics. On one curve shown by a previous
speaker, two values of efficiency are given at normal load, the
difference apparently being due to the exchanging of one in-
strument for another of similar capacity and accuracy. It
was noted that there was a difference between these values of
four tenths of one per cent, a greater difference than accounted
for in either test by any possible change in constant losses. Why
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might not this discrepancy have been in just the opposite
direction to that shown?
The values of additional load loss obtained in all the tables

but IX, X and XI speak for themselves. If these values
are correct, why all this agitation? The separate loss method
of efficiency determination is good enough. If such results
with the input-output method of test are obtained by Mr.
Robinson with his reputation for refinement and accuracy,
what can the rest of us hope for?

L. T. Robinson: There should be no misunderstanding on
that point. The only claim I make is that these points will
fall within that belt. And they do. The instruments were
interchanged, at one point, and there is no conclusion to be
drawn from the result except that the results are within one-
quarter of one per cent, because the belt is only that wide and
the points fell within the belt.

E. I. Chute: Other unaccounted-for inconsistencies in these
tests might be pointed out, and it is my personal opinion that an
accuracy of two tenths per cent claimed for them is not war-
ranted. It only goes to show that even when the most elaborate
and refined of methods are applied to the input-output tests,
the results are very uncertain.
H. M. Hobart: No mention has yet been made of the best

method of determining the true efficiency, the method which
the Standards Committee would probably be well advised to
adopt, and that is a method based on calorimetry. For in-
stance, one can measure the losses at no-load with exactness,
while a given quantity of air is being passed through the
machine. The temperature of the air at the inlet and at the
outlet can be taken. Again the machine can be run at full
load and the same quantity of air measured at the inlet and
outlet. This gives a simple way of deducing quite exactly the
ratio of the losses at full load to the losses at no-load, and con-
sequently of arriving at the magnitude of these stray losses,
and consequently, also, of deducing the true efficiency. I believe
that by these means we may arrive much more closely at the
true efficiency than by any other practical method.

I allude first to large machines, because generally the con-
ditions surrounding the contract for large machines are the more
important, but in my opinion, for smaller machines calorimetry
also offers the best method. In the case- of a small machine,
you can house it completely. You can house the motor in
a case, through which you pump air, measuring the quantity
of air, its inlet temperature and its outlet temperature. The
measurement is made first with load. Then the measurement
can be repeated at no-load with the addition of suitably disposed
rheostats, into which you can introduce an additional loss, which
will give you the same inlet and outlet temperature when your
machine is running unloaded as was obtained in the first test
when running it at its rated load. The amount of the losses
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in these rheostats will be equal to the load losses, including
therein the legitimate and the illegitimate load losses.
Another way is to have your machine in one receptacle and

then let the air pass on to still another receptacle in which you
have your rheostat, and get the temperature drop across each.
It is a thermal-drop process. When the thermal drop across each
receptacle is equal, then you know that the loss in the machine is
equal to the loss in the rheostat. If the drop is not equal, you
can get the loss by taking the ratio of the thermal drops. There
is no need to measure the quantity of air, but merely to maintain
the flow constant.
W. F. Dawson: The method proposed by Mr. Hobart is

interesting and replete with possibilities, but it requires much
study and care so that new sources of error are not introduced,
greater than those contended with previously. The difficulties
of successfully measuring the actual amount of air delivered, and
charting it so as to get a true average, are very great. I have
been recently checking up losses with the thermal capacity of
the air passing. There is probably additional loss, by heat con-
vection, that will not be measured by thermal capacity of the
air passing through. In respect to turbo-alternators, and par-
ticularly those which are provided with definite air passages
for inlet and outlet, it will be exceedingly instructive to make
these tests and keep them for comparison and referelnce. I doubt
very much if the consulting engineers and the customer will
very rapidly embrace the facilities which Mr. Hobart has offered
in respect to determining these load losses. Mr. Erben has
shown splendidly how these load losses are affected by design.
It would be a great mistake and an injustice for the committee
to lay down any set of rules and say that " this class of machine
shall be colnsidered to have 4 of 1 per cent additional loss
and " this class of machine shall be considered to have 2 of 1
per cent additional loss," etc., because it will handicap indi-
vidual initiative. It will put the designer and the manufacturer
of inferior machinery, to a certain extent, on the same basis
as the designers and manufacturers of machines who have prac-
tically eliminated these load losses. I hope the discussions
and investigations will go on. There cannot be any question but
that this discussion will make for better designs of machines,
smaller load losses, or a considerable elimination of them. Mr.
Lamme pointed out, and Mr. Erben and Mr. Burke, and others,
have also pointed out, that while we may indicate what these
losses are, it is going to be an exceedingly difficult thing to stand-
ardize them.
H. M. Hobart: I do not propose to measure the quantity of

air. That is difficult. We do not measure the quantity of
current when we get the drop through two resistances. We
keep the current constant. The air flow is kept constant bv
running the fan or blower at constant speed. There is nothing
new in calorimetric methods.
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B. G. Lamme: I have listened with a great deal of interest
to what Mr. Harper has had to say on the question of load losses.
He says that if we cannot measure all the losses, and will state
what we can measure, and if we are willilng to state the situation
plainly, he is willing to accept it. If everybody else would
agree with him in this, it would make it very easy for the Re-
vision Conmmittee. Mr. Harper called attention to putting
a factor x in the equatioln. However, it hast been suggested by
others that suchl la correctiol factor puts a penalty on good designi.
That is true, but yout must not forget that virtue is its own re-
ward. The designer who builds with very small extra losses
has a correspondingly better machine, because any reductioni
in such losses reduces the temperature, and thereforQ allows
him correspondingly to increase the output. The designer
who builds with high extra losses will eventually lose out, so
that the normal tendencv is toward the reduction of such
extra losses.
Mr. Harper also stated that eventually we would come closer

to the true efficiency. I agree with him, but possibly it will
not be so much by improved means of measuring as by reduction
in the extra losses. I know that, right now, the tendency to-
ward reduction of the extra losses is very strong, and that all
losses in the machines are being analyzed and studied very care-
fully with a view to getting better performance and larger out-
puts by eliminating all unnecessary or useless conditions.


